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I  have  all 


lAuJl^pIicity  of  Books  relatiTe  to  that  ufeful  and 
Srsmck  of  Mathematical  Learning,  called 
'^Sw^rx/^iag,  I  could  not  perceive  tn  any  one  of 
KsuxdJed  after  fuch  a  Method  as  is  neceflary, 
from  Treatifes  of  this  Nature. 
Xrregul&rities  and  Obfcurities  with  which  Works  of 
lia.ve  induced  me  to  undertake  a  Peiibrmance 
to  remove  Difficulties,  clear  Obfcurities, 
'^pp'bicli.  has  hitherto  been  deemed  dark  and  myf- 
lligent  to  the  meaneft  Capacity. 
along  l>een  anxious  and  foliciious  not  to  omit  or 
^v^bich  might  be  of  Vfe  or  Benefit  therein,  fo 
IS  to  render  tbe  l^ork  of  perfed  Utility  to  every  one  who  has 
any  Deliglit  or  Pleafore  in  the  Purfuit  of  Mathematical  Know« 
kdge. 

In  Purfbance  of  this  my  Defign,  I  have  in  the  firfi  Book  given 
jpa  tlie  moft.  nieful  Geometrical  Problems  and  Theorems. 

*I7he  Cecond  Book  contains  the  Ufe  of  tbe  Table  of  Loga- 
ti£lKiits»  as  alio  the  Table  of  artificial  Signs  and  Tangents ;  to- 
getlier  with  a  complete  Courfe  of  Menfuration  both  of  Super. 
dues  and  Solids. 

In  the  third  Book  y  eu  have  Plain  Trigonometry,  both  right  and 
ohUque  angled*  "with  the  Solution  of  the  feveral  Cafes  thereof. 
The  fourth  Book  contains  the  Proje^ion  of  the  Sphere  ortho* 
paphicallj  and  ftereographically,  on  the  Planes  of  the  Meri- 
dkuQ,  Solftitial  Colure,  and  the  Horizon. 

In  the  filfth  Book  is  given  Spheric  Trigonometry,  con- 
cunmg  the  Refblotion  of  all  the  Cafes  of  right  and  oblique  an- 
gled Spherical  Triangles. 

The  fi*fh   Book  contains  a  few  Aftronomical  Problems  rela* 

^ng  to  the  Variation  of  the  Magnetical  Needle,  neceflary  in 

Snding  a  true   Meridian  Line  to  any  Plan ;  I  have  alfo  given 

Tables  of  the  Sun's  mean  Motion,  by  which  the  Sun's  true 

£cf»tic  Place  may  be  readily  found  for  any  Tiaie,  paft»  preient, 

A  la 
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In  the  feventh  Book  I  have  given  the  Defcription  and  tJft  of 
the  fereral  Inftmments  uled  in  Surveying. 

The  eighth  Book  contains  a  clear,  comprehenfive,  and  ^mSt^ 
cal  Method  of  Surveying  and  Planning  all  Sorts  .of  Grouad,  by 
the  Chain,  Plain  Table,  and  TScodoKte. 

In  the  ninth  Book  I  have  given  Altimetry  and  Lortgtu&etrr^ 
(or  the  Method  of  .meafuring  accefliblc  and  inacceffibfle  Heights 
and  Dfftances) ;  together  with  the  Method  of  finding  the  Ho- 
rizontal Lines  of  H^'Ils  and  Valleys  ;  as  alio  the  Foriti  of  redu- 
cing Plans;  with  County- Surveying,  and  an  eaiy,  praSic'aJy 
and  expeditious  Method  of  taking  the  FerfpeAivc  of  any  Gen* 
cleman's  Seat  or  Building  with  the  Theodolite. 

The  tenth  Book  contains  the  wfiolc  Art  of  dividing  o^GftSiindy- 
according  to  Quantity  and  Qgalfty  ;  with  the  Theory  and  Prac- 
tice of  Levelling ;  ds  alfo  the  Manner  of  finding  the  Variatioit 
^f  the  Compafs ;  with  At  Method  of  Waihing  or  Colouring 
Maps  or  Plans.' 

Laftly,  I  have  given  a  new  Method  of  SiTi-vcylng  and  Plan- 
ning all  Softs  of  Ground  by  ^the  Plain  Tableonly,  by  which  the' 
'  Angles  (or  rather  Bearings)  ar^  takrti  and  protraAcd  at  oiie 
and  the  fame  Inftant  la  the  tlefd^  and  that  too  upon  one'  Sheet 
of  Paper ;  by  means  of  which  the  Troubfc  and  Inconvenience 
of  fhifting  the  Paper  is  entirely  rVrhored. 

I  have  alfo  given  a  corre^  TaMe  of  th*  Logarithqas  of  all' 
lumbers  from  i  to  looooj  together  with  a  Table,  of  I^oga- 
rithmic  Sines  and  Tangents,  to  every  Degree  and  .'Minute  of 
the  Quadrant.  I  have  alfa  given  a  Table  of  LogilKcal  Loga* 
nihnu  in  Street's  Form*  The  Table  for  converting  Tirhe  into 
Motion,  or  Motion  into  Tixne>  I  have  omitted,  as  it  h  of  little 
or  no  VCc  in  pra^ical  Surveying, 

Having  thus  given  a  brief  Recital  of  the  Subuanc^  bf  what  is 
herein  contained,  and  being  perfe^Iy  fatisfied,  that  every  Endida- 
TOUT  has  been  nfed  to  omit  nothing  eflentially  necefTary,.  noi'  ^t* 
the  iamc  Time  to  add  any  Thing  fuperllupus;  I  hope  1  mtfy, 
without  Vanity^  ftlfe  it,  yf  Cmphfe  'Sxflm  of  l.dild'Snrvef't^i 
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D  E  S  I  K  1  T  1  O  N  g. 

I.  A  POINT  hat  undergone  Tarious  Definin 
A\  tions,  according  to  the  different  Senti" 
-L  3-  tooits  of  different  Geometricians,  who" 
an  fecm  to  correlpond  at  laft,  in  allowing  it  tp 
he  a  very  fmall  imaginary  fomething,  and  incar 
paWe  of  being  divided ;  for  as  fevcral  Authors 
hame  alfowed  it  to  be  a  Matter  gof  Subftaoce,  it 
Bright  thence  be'  argued,  that  <;ver7  Subftance; 
oi-  Magnitude  is  capable  of  being  parted  or  di- 
wded,  bat  .i;^  at  the  fame  Time  it  is  confi-. 
dered  to  be  the  fmalleft  Thing  poffible  to  be 
amceired,  and  thence  incapable  of  any  further 
Piri6on. 

2.  A 


Definitions. 


Book  I, 


F I  Cr.     2.  A  Line  is  generated  by  the  Motion  of  a 
Point ;  for  if  the  Point  A  be  conceived  to  move 

V  from  ^  to  Bf  it  will  generate  the  right  Line 
^B^  and  is  the  nearcft  Diftance  between  apy 
two  given  Things  in  a  ftraight  Courfe.  But  a 
curve  Ivine  is  not  the  aeareft  diftance  between 
two  points,  being  generated  by  the  crooked  Mo- 
tion  of  the  Point  j4y  which  defcribes  the  Arch 
or  Curve  ^CJ^  :  And  hence  a  Lfe?  .is  a^^ 
counted  the  firft  Magnitude  in  Geometry,  hav- 
ing Length'  without  Breadth  or  Thicknefs. 
A  Superficies  is  the    fecond  Magnitude   in 

J.  Geometry,  being  generated  by  the  Motion  of 
a  Line;  for  if  the  Line  ^C  be  conceived  to 
move  in  a  parallel  Dire&ion  to  itfelf  along;  the 
Lines  ^B,  CD,  it  will  produce  the  Superficies 
^B  CD. 

4.  The.  third  Geometrical  Magnitude  is  a  So- 
lid* whofe  Dimenjdons  are  Length,  Breadth,  and 
Thicknefs. ;  but  it  is  ao  Ways  concerned  in  the 
Praftice  of  Surveyings  although  it  he  a  Part  of 
Menfuration. 

5.  An  Angle  U  the  Inclination  of  two  Lines. 
meeting  in  a  Point  called  the  Angle  Boint,  and 
is  moft  commonly  cxpreffed  by  three  Letters, 
the  Miidcllemofl  of  which  denotes  the  Angle ;  as 

a.   ^BT>  fignifiei;h  the  Angle  B  in  the  Triangle 
•     ^£T>,  and  B'DC  expreCes  the,  Angle  2>  in 
the  Triangle  ^2>C,  &c. 

6.  A  right  Angle  containeth  juft  90  Degrees 
of  the  Arch  of  a  Circle,  or  it  is  the  Meeting 

'  PC 


Definitioitis.  ^ 

iof  two  Lines  JierpeodicQlar  to  e&ch  other,   as  Fi  6# 

7.  An  acute  Angle  is  lefs  than  a  right  Angk 
or  ypDegrecSy  as  the  Atigle  vf  or  C  in  the  Tri- 
aaglc  ^B  Ck 

8«  An  ol>tufe  Angle  is  greater  than  a  right 
Angle ;  and  therefore  any  Angie .  which  con- 
taineth  more  than  90  Degrees  of  the  Arch  oJf 
aOrcie  (as  theAngle  Cin  the  obtufe  Triangle 
BCD)  is  an  obtufe  Angle,  and  contains  as  many  3* 
degrees  aboTe  90,  as  the  Sum  of  the  other  two 
Angles  B  aod  2>  £aU;lhort  of  90.  , 

9.  A  Ferpendicuiar  is  a  I^ine  drawn  down 
upon  another  tine,  makjbg  a  right  Angle  (or 

an  Angle  of  90  Degrees)  as  the  Line  C2)  i^  jl   ^* 
to  Ae  Line  ^B;  makiag  the  Angles  */^2)C, 
BT>C  each  equalto  90  Degrees,  or  a  right 
Angle. 

10.  Of  foperficial  Figures,  forae  are  regular, 
and  fome  irregular. 

11.  Regular  Su{terficieB  arc  either  three-fided^ 
fonr-fided,  fi?e-fided,  many-fided  or  circular. 

12.  A  Figure  confifthig  of  three  fides,  is  called 
a  Triangle,  of  which  there  are  two  Sorts,  tjz. 
right-angled  and  oblique-angled. 

13.  Right-angled  Triangles  are  fuch,  as  have 
one  right  Angle,  and  two  acute  Angles,  as  in 
the  Triangle  ^BC;  the  Angle  5  is  a  right  ^; 
Angle,  and  containeth  juft  90  Degrees,  and  the 
oriier  two  Angles  ^  and  C  are  acute,  each  con- 
taining lefs  than  90  Dcgees  (or  a. right  Angle;) 

of 
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Fig.  of  the  three  fides,  the  longeft  Side  ^C  is  called 

the  Hypothenufe,  and  the  other  two  are  named 

LegSi 
6.       14.  Oblique  Triangles  are  fuch  as  have  no 

right  Angle^  but  all  the  Angles  oblique,    as 

ABC.    Of  thefe  there  be  three  Kinds«  viz. 

an  equilateral  Triangle,  an  ifofceles  Triangle, 

and  a  fcalenous  Triangle. 

15.  An  equilateral  Triangle  hath  all  its  Sides 

7*   (and  confequently  all  its  Angles)  equal,  as  B  CD. 

1(5.  An  ifofceles  Triangle  hath  two  of  its  Sides 

equal,    and  confequently  their  oppofite  Angles 
8.   equal,  as  in  the  Triangle  ABC,  the  Sides  AC, 

B  C  are  equal  to  each  other,  and  therefore  the 

Angle  i?  is  =  the  Angle  A. 

17.  A  fcalenous  Triangle  hath  all  its  Sides 
6.   (and  confequently  all  hs  Atigles)  unequal,    as 

ABC. 

Thefe  and  all  other  Sorts  of  oblique-angled 
Triangles  whatfoever,  are  under  the  Denomf* 
nation  of  acute-^ngled  and  obtufe-angled  Tri- 
angles. 

1 8.  An  obtafe-angled  Triangle  hath  one  of  its 
Angles  obtufe,  and  more  than  90  Degrees ;  as 

6.   in  the  Triangle  ABC,  the  Angle  C  is  obtufe, 
and  mbre  than  90  Degrees. 

19.  Acute-angled  Triangles  hare  all  their  An- 
gles acute,  as  BCD.    And  therefore  all  equi- 

7-    lateral  Triangles  have  every  Angle  acute;  but 
•    of  ifofceles  Triangles,  fome  are  acute-angled,  a!s 
^'   ABC,  and  fome  are  obtufe-anglcd;  ^s  EFG. 
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20.  A  Geometrical  Square  bath  all  its  Sides  Fig. 
equal,  and  Angles  right,  as  A  BCD.  lo. 

21.  A  Parallelogram  or  long  Square  hath  f6ur 
right  Angles,  but  the  oppofite  Sides  are  only 
equal,  as  ^£CT>.  ^' 

22.  K  Rhombus  hath  four  equal  Sides,  but 
not  four  right  Angles,  as  BCT^E^  two  of  the 
Angles  B  and  *D  are  acute^  and  the  other  two 
C  and  E  obtufe. 

2  J.  A  Rhomboides  hath  four  Sides,  the  Op- 
pofites  only  are  equal ;  as  in  the  Rhomboides 
ABC*D,  the  Side  AB  is  =  to  the  Side  C2),  12. 
and  the  Side  AC  :s  to  the  Side  BT>;  it  hath 
alfo  four  Angles,  tIz.  two  acute  and  two  obtufe. 

24.  All  four-fided  Figures,  except  thofe  above- 
mentioned,  are  called  Trapezia  or  Trapeziums, 
TiABCD.  13- 

2$.  A  Diagonal  is  a  Line  BD  drawn  from 
one  Comer  to  another  in  any  four-fided  Figure 
ABC1D.  13- 

2  6.  Figures  confiftmg  of  more  than  four  Sides, 
are  called  Polygons ;  fome  of  which  arc  regular, 
and  fome  irregulan 

2  7.  A  regular  Polygon  confifleth  of  equal  Sides 
and  equal  Angles,  and  taketh  its  Name  from  the 
Number  of  its  Sides,  as  the  five-iided  Figure 
ABC7)E  is  called  a  Pentagon,  and  the  eight-  j. 
fidcd  Figure  FGHIKLMN  is  caUed  an  Oc-  ,]] 
t^gon,  &c.     As 

A  re- 
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Fig* 


A  r^:ular  , 
Polygon  of 


r  51 
6 

7 
8 
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J  A  Pentagon, 
A  Hexagon, 

A  Nonagon, 
^A  Decagon  &c. 
2  8.  All  Figures  confiding  of  more  than  four 
Sides,  and  having  unequal  Sides,  are  called  irre- 
gular Polygons,  and  are  diftinguiihed  by  the 
^^'  Number  of  their  Sides;  as  jSBCT)E  is  an 
irregular  Polygon,  &c.  and  may  confift  of  fifteen^ 
twenty,  thirty,  &c.  Sides, 

29.  A  Circle  is  a  Figure  formed  by  the  Mo*- 
tion  of  a  Point  round  its  Center,  till  the  Mocion 
end  where  it  firft  begun.  Every  Circle  contains 
360  Degrees  or  four  right  Angles.  A  Circle 
comprehends  a  greater  Space  than  any  other  fu* 

1 7.  perficial  Figure,  for  a  Line  equal  in  Length  to 
the  Periphery  or  Circumference  thereof,  will 
comprehend  a  greater  Area  than  any  other  Fi-t 
gure  \^hatfoever. 

30.  The  Periphery  or  Circumference  of  a 
jy^  Circle,  is  the  Out-line  or  Bound  thereof;  as 

D  XZ  E,  every  Part  of  which  is  equally  diftant 
fronti  its  Center  ^, 

51.  The  Diameter  of  a  Circle  is  a  right  Line 
drawn  through  its  Center,  as  2)^Z,  and  is 
17.  the  longeft  Line  that  can  poffibly  be  drawn 
therein,  dividing  the  whole  Circle  into  tWo 
equal  Parts.  Half  the  faid  Line  (•^2))  is  called 
the  Semi-diameter  or  Radius  of  the  Circle. 

32.  An 


I 
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32.  An  Arch  of  a  Circle  is  a  Part  of  the  Fig. 
Periphery  or  Circumference;  as  Z2^is  an  Arch,  17. 
or  Pan  of  the  Periphery  'DXZE, 

33.  A  Sedor  of  a  Circle,  is  a  Part  cut  out 
by  two  Lines  drawn  from  the  Center  through 
the  Periphery,  and  bounded  by  thefe  and  the 
Arch  contained  between  the  two  Semi^amcters; 

as  the  Part  ^XT  is  hounded  by  the  Lines  ^X,  1 7- 
^Tj  and  the  Arch  XT,  and  is  termed  the  Sc&or 
of  a  Grcle. 

34*  A  Segment  o£  a  Circle  is  a  Part  cut  off 
by  a  right  Line  drawn  acrofs  the  Circle ;  as  the 
Part  CEj^  cut  off  by  the  Line  CB,  is  called  17- 
the  S^ment  of  a  Circle. 

35.  An  Ellipfis  is  a  curve-lined  Figure  of  un- 
equal Diameters,  being  longer  one  Way  than  the 
other;  the  longer  Diameter  ^C  is.  called  the  18^ 
tran/Verfe  Diameter,   and  the  ihorter  B^D  h 
named  the  conjugate  Diameter. 
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Axioms  drawn  from  the  firft  Book  ^EuclidV 

Elements  of  Geometry, 

I.  rTT^HINGS  that  are  equal  to  one  and  the 
JL     fame  Thing,  are  equal  to  one  another^ 

2.  If  equal  Quantities  be  added  to  equal  Quan-i 
titles,  the  Sum  of  thofe  Quantities  will  be  equal. 

3.  If  from  equal  Quantities  be  deduced  equal 
Quantities,  the  Remainder  will  be  equal. 

4.  If  equal  Quantities  be  added  to  unequal 
Quantities,  the  Sum  will  be  unequal. 

.5.  If  from  equal  Quantities  be  taken  unequal 
Quantities,  the  Remainder  will  be  unequal. 

6.  Things  that  are  double  to  one  and  the  famo 
Thing,  are  equal  between  themfelves. 
>   7.  Thofe  Things  that  are  half  one  and  tho 
fame  Thing,  are  equal  among  themfelves. 

a.  Things  mutually  agreeing  together,  are 
equal  to  one  another. 

9.  The  Whole  of  any  Thing  is  greater  thaa 

its  Parts. 

10.  Two  right  Lipes  capnot  contain  a  Space. 

11.  All  right  Angles  arc  between  themfelves 

cqnal. 

12.  If  a  right  Line  fall  upon  two  other  right 
Lines,  and  make  the  inward  Angles  on  the  fame 
both  together,  Icfs  thaa  the  right  Angles ;  theA 
thofe  two  right  Lines  infinitely  produced,  will 
meet  each  other  on  that  Side  where  the  Anglea 
are  Icfs  than  right  ones. 

'^  Si  G  N  & 


Characte&»«  » 

Signs    and    Characters;    their  Names  and 
Significations,  in  Geomtry  and  Surveying. 

s=T?QJ^A^  toj  as  8  s  8,  i.  e.  8  is  equal 

J2j    to  8. 
+  Plus  or  more ;  as  ^  4-  ^  =  ^r,  i.  e.  ^  more  or 

added  to  e  is  equal  to  z. 
—  Minus  or  lefs;  as  ^  —  t  ^,z^  i«e.  e  taken  or 

fabtraded  from  a  leaves  z. 

\        •         .  •  •  •    » 

X  Multiplied;  as  ayie^  fx  at\.  ather  of  which 
ihews  the  Produft  of  a  and  e.  -- 

•s-  Divided  by  j  as  'tf  4-  ^;  or  -  j  either  of  thefc 
denotes,  the  Quoq^nt  of  a  divided  by  e. 

^SqoareRootfV^^st  4 ;  the  Square  Root  of 

l6  is  eq|ual' to  4.^ 
a  Sqoare ;  as  d  12^  the  Square  of  X2  is  to  be 

taken.  . 
:>  ::> :  Proportional ;  as  2:4  ::  8  :  \6\  that  is^ 

as  2  is.to>4^  £b.is  8  .to  id.   . 
'^An  Angle  lefs  than  iSo"";  'P'  AnAngle  greater 

than  X  800.    O  ^  Station. 
A  A  Triangle;  O  A  Rirallelogram ;  n  Parallel 

to. 
<^s  Angles;  AsTriangles ;  ^lx  Comer;  DsSquares. 
□s  Parallelpgrams ;  xs  Perpendiculars. 
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SECT,     I. 
Geometricai.    Problems. 


Fig.  .  PROP.   I.    Prob. 

XQ    n^  divide  a  givtn  Une  AB  into  hvb  equal 
^'  ^    Parts.  .        , 

Rule.. 

»  ■* 

With  any  Diftance  greater  than  Half  ^B^ 
and  one  Foot  on  Jt  and  By  dcfcribc  two  Arches 
cutting  each  other  in  C  and  © ;  through  the 
interfeftittg  Points  C,  2>,  draw  a  Line  CD  which, 
will  divide  ^B  into  two  equal  Parts  in  Z 

PR  OR  IL    Prob. 

2^^      Ti  draw  a  Line  parallel  to  a  given  Line  CD, 
to  fafs  through  any  ajjigned  Point  A. 

Rule. 

From  the  given  Point  ^  take  the  neareft 
Diftance  to  the  given  Line  C2> ;  with  that  Dif- 
tanccy  and  one  Foot  any  where  towards  C,  de- 
fcribe  an  Arch  O ;  through  ^  draw  a  Line 
^B  juft  to  touch  the  Arch  O  in  O,  fo  fhall 
the  Line  ./iB  be  the  Parallel  required. 

Or 
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Or  thus;  Fx<5. 

Chufc  any  Ppipt  Q  in  the  given  Line  C7),  2  u 
pa  which   as  a  Center  jdefjpribc  a  Semi-circle 
CjiBT)}  m?kc  V£=:C^,  aijd  through  the 
Poiats  ^,  j5,  draw  the  Line  ^]S  which  will  bp 
g  C2>  as  was  required. 

PROP.  in.    Peob, 

Tp  rai/e  a  Perptn^cuhr  frum  a  given  Point 
V  in  a  ghen  Line  AB, 

Rule, 

^^e  P^s=  P-B  =5  any  Diftance;  and  from 
AvA  B  defcribc  two  Arches  to  cut  each  other 
in!Z>;  from  P  draw  a  Line  P 2)  to  pafs  through 
the  interfefting  Point  2>,  which  will  be  x  to 

AB. 

Or  thus: 

On  the  given  Point  P  defcribe  the  Arch  -F2).  23, 
take  PF  aud  fet  from  F  to  C  and  from  C  to 
2) ;  with  any  convenient  Diftance,  on  C  and  2> 
defcribe  the  Arches  O,  and  through  thdr  Point 
of  Interfeftion,  from  the  given  Point  P  draw  the 
line  PO  the  Perpendicular  required. 

PROP.  IV-    Peob. 

To  raife  a  Perpendicular  from  a  giDen  Point  A, 

(ft  the  End  of  a  given  Line  ABt  '  ^^ 

C  t  Rule 
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Fig.  -j 

24.  Set  one  Foot  in  ui,  and  extend  t*he  other  to 
any  Point  C  above  the  Line  ^£  ]  on  the  Center 
C  dcfcribe.  the  fenii-circle  F*/4P^  to  cut  ^/iB  in 
F\  draw  F  C  cutting  the  femi-circic  in  F.  Then 
draw  ^P^  which  will  be  a.  to  ^J5. 

PROP.  V.    Prob, 

^.-^  From  a  given  Point  P  U  let  fall  a  Perfendi^ 
cular  upon  a  given  Line  A  B. 

R  u  L  £« 

On  the  given  Bokit  P  vis  i  Center,  de&ribe 
the  Arch  EF  to  cut  JIB  in  -E  and  Jl  Wtth 
iaj  convenient  Diftance,  and  one  Foot  on  E 
and  jp,  delcribe  two  Arches  to  <3nt  each  other 
in  /;  through  P  and  /,  draw  P  I,  which  is  f  cr-* 
pendicular  to  ^B. 

PROP.   VI.   PiioB. 
^       7i  mie.  an  ^gle  ABC  ejual  to  a  given 

ft 

With  any  convenient  Extent  of  the  Compaflcs^ 
and  one  Foot  on  2),  draw  the  Arch  FG  =  the 
Meafure  of  the  given  l7).  Draw  a  Line  BC, 
and  with  the  Diftance  IDF  defcrihc  the  JVrch 
HIi  then  make  the  Arch  /f/e  to  the  Arch 

FG, 
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FGf  and  thtong^  /draw  t^j?  Une  B^  bound-  Fic. 
ing  the  Angle ;  fo  is  the  Angle  ^B  C  s  the 
Angle  CDE. 


27- 


PROP.  VIL  PjioB, 

To  lay  down  an  ^A^k  FD  G  ss  u  any  de^ 
tenrnmOe  Number  tfHtgrtts^  &c  (fuppofe  35°.) 

Rule. 

Draw  the  Line  ©F  at  Pleafure,  and  with 
id"  oflF  the  Scale  of  CSiords  dcfcribe  the  Arch 
EH  OD  the  Center  2>.  From  the  faine  Chords 
take  35^  (the  Quantity  of  the  Angle)  and  lay 
upon  the  Ardi  from  E  to  Hj  through  which 
finom  !Z)  draw  the  Line  27  G^  and  it  is  done,  for 
the  Angle  F'DG  will  contain  juft  35%  as  was 
ro^uircd. 

PROP.  Vin.    pROB. 

To  make  a  Triangle  of  three  given  Lines  A,  ^ « 
B,  C,  any  two  of  wind)  ieing  kmger  than  the 
third. 

Rule*  t 

Make  7>E  s  to  the  Line  ^;  take  B  and 
C  in  your  Compafles,  and  Trith  one  Foot  on  E 
mi  ID,  deicribe  two  Arches  to  <!rois  ^ch  other 
IB  F;  then  draw  IDF  and  EF,  which  wifl 
Ibrm  the  £^^EF. 

PROP. 


30. 
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^'®-  PROP.  IX.    Prob. 

J  o,        i^»  ^  ^^W«  X/«tf  A  to  make  a  Square, 

Rule. 

Draw  BC  and  CjD  perpendicular  to  each 
other,  and  make  each  s  to  ^;  with  the  Dis- 
tance ^j  and  one  Foot  on  B  and  2),  defcribe 
two  Arches  to  cut  each  other  in  /.  Then  draw 
BI  and  2>/,  which  will  complete  the  Square 

PROP-   X.    Prob. 

VTo  make  a  Parallelogram  on  two  ^hen  lines 
A  and  B. 

Rule. 

Take  CO  ^  to -5;  alfo  make!D-E  Ji  to  C2>, 
(by  Prob.  4.)  and  2)  -E  =s  ^ ;  then  with  the 
Diftances  CD  and  2>£,  from  E  and  C  de- 
fcribe  two  Arches  to  crofs  each  other  in  Fi 
draw  £F,  CF;  fo  is  2>F  the  parallelogram 
required. 

PROP.  XI.    Prob. 

fo  draw  a  Circle  through  any  three  Points 
3  !•  A,  B,  C,  not  in  a  right  Line. 

Rule, 

With  any  Extent  greater  than  Half  ^B,  and 
with  one  Foot  on  ^  and  B  feverally,  defcribe 
two  Arches  cutting  each  Qther  iu  7>  9ni  JS  • 

alfo 
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aUb  with  any  Extent  greater  than  Half  BCy  de-  Fi  o. 
fcribe  as  before^  on  the  Points  B,  C^  two  Arches  31. 
interfering  each  other  in  F  and  G.  Through 
the  interfofting  Points  D,  E,  draw  the  mdefinite 
Line  S^/;  alfo  through  the  interfefting  Points 
/"jC,  draw  an  indefinite  Line  FI  to  cut  2) /in 
/  the  Center  of  the  Circle :  With  the  Radius 
/^(=  IB  =  /C)  fweep  the  Circle  ^BC  as 
required. 

PROP.   XIL    Prob. 

Ji  £vide  a  ^ given  right  Line  AB  into  any 
pnpofed  Numher  of  equal  Parts  (fitpfofefxx)^         ^^* 

■ 

R  U  L  E. 

Ac  eacH  "End  .^  and  B  of  the  given  Line 
^B,  fet  oiF  an  equal  acute  Angle  B^^i 
CB^f  that  is,  make  the  Z.  ^  =  ihe  LB^  and 
draw  the  Lines  •/rf^Z),  BC  of  any  luficient 
Lengthy  which  (by  Theor.  3.)  will  be  parallel. 
Take  any  little  Diftance  in  your  Compaffes  and 
by  it  fix  Times  upon  the-Lines  BC^^Tf^  each 
Way  from  B  zai  A  towards  C  and  2)^  and 
awe  each  with  the  Figures  i,  2,  3,  &c.  Then 
draw  the  Lines  15/24,  33,  42,  51^  which  will 
^Yide  ^B  into  fix  equal  Parts. 

PROP.  Xm.    Prob. 

Given  two  Lines  S  and  T;  to  find  a  third  33. 
in  geometrical  Pro^rtion. 

Rule 
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IG. 

•R  If  L  E, 

33*  Draw  LM  to  make  aoy  acate  Aogle  wkh 
iJVj  make  ZO=  to  5,  and  LQ^md  LP 
each  =  T;  draw  Ojg,,  and  from  P  draw  Pi? 
parallel  to  OQ^  to  cut  ZAT  in  R:  Then  it 
will  be,  as  LO  (=  S)  :  Lf^^^TT)  xi  LP 
(^  LQ)  :  LRf  lYic  thiid  Proportional  required; 
and  therefore  S zTi-^T:  LJL 

PROP.    XIV.    Pro*. 

•  •        ^ 

To  divide  a  Lin^  AB  into  two  Partly  in  Pro^ 
34*  portion  to  each  other  as  the  Line  S  is.  to  tb^ 
'  LineT.  '^'  "  ' 

Rule. 

From  either  End  ^  or  S  of  Ac  givep  Xine 
^B,  draw  a  Line  «^  ID  to  make  an  acute  Angle 
'{bJ'D)  at  Pleafure;  make  ^E  ss  5;  and  £© 
SB*?:  Join  B'D,  and  from  £  draw  jSf  U  to 
jPZ),  to  cut  ./^^  ia  Ti  therefore,  as  iS :  S*:; 
JF'.FB.    .. 

PROP.   XV.    Pii6B. 

•  •  •  > 

35.      Given  three  Lines  A,  B  and  C  j  ^  j5j</  4 
A<ir/i&  i;»  Proportion  to  them, 

«        ■ 

Rule. 

Draw  7>H  and  .35  Cr,  to  make  any  acute 
Angle  HV  G ;  make  2>if  =  the  Line  -x^,  !DG 
s  the  Line  i^^  and  27/ s  the  Llae  C;  join  the 

Pomts 
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BotDts  H,G^zad  fzom/  draw  IFn  to  TIG,  Fio. 
which  wiU  cut  i>F  in  F,  fo  js  2>jF  the  35. 
fonrdx  Fropbitibo^  requited }  for  lOHilDG:: 
'Dr:7>F, 

tRO?.  XVI.    PjdOB. 

r 

fo"  ^  ^yM/  Parts  mt-€XOKdif^  tttu 

« 

Qoaiter  the  Circle  by  clraWin^  the  ttuaiictttt 
KM,  XiV*  perpendicular  to  eadi  other;  inake 
ItO  and  JSTP  each  ^  to  ig,  and  draw  POz^ 
One-third  oi  the  Grcle.  Job  KL  which  will 
be  one-fourth  Part  thereof.  On  R^  with  the 
Diflance  R  Lj  defcribe  the  Arch  Z  S^  and  draw 
the  Line  LS  ^  oBe-fi£th  Part  ol  the  Circle. 
JTj^  (=  ig,)  is  onc-lixth  Part.  Alfo  RP 
(=  JS  O  y  is  one-feventh  Bat.  JT.^  is  one^ighth 
Bm.  Divide  the  Arch  OKP  inm  three  equal 
Parts,  fo  will  OZ  be  one*ninth "Par^  and  ^^ 
one-tenth  Part  thereof. 

After  this  Manner  you  may  make  a  Pentagon, 
Hexagon,  H^tagbn,  O^gon,  ISfonagon,  &c. 


PROP.   yym.    Pkoir. 

GhOi  the  Tmnfoerfe  T>uauiit  ^f  md  tk^ 
Co»fugMc  CD  of  ah  Oval,  It  4^mb€tbejam. 

Rule 


zr 
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Rule. 

37.  Bifeft  ^5  by  drawing  CD  through  the 
middle  a.  Make  '^0  =  C2>,  and  divide  Q^ 
into  three  equal  Parts;  fet  two  of  thofe  Partis 
from  ato  b  and  /;  with  the  Diflance  lb  make 
two  equilateral  Triangles  Idb,  le  b^  whofe  An- 
gles ar$  the  Centers.  Then  with  one  Foof  of 
the  CompaiTes.on  b  and ./ fevetally,  defcribe  thfc 
Arches  fBb^  iAg  with  the  Radius  bB  (s=  IA\) 
Then  with  the  Diftance  ^C  (=  dTX)  and  with 
one  I'oot  pn  the  Centers  e^d^  feveraUjr  defcribe 
the  Arches  I C/^  ^2>^,  completing  the  !^llipfis 
or  0\di\/4CBD.  But  the  true  Methbd  of 
delineating  an  Ellipfis^  is  by  the.  Line  of  Sines 
on  the  Seftpr,  as  performed  in  the  fpllowing  Pre?* 

pofition. 

•  •«  >•  <^  >  ■ 

\    l^ttOP.   XVIII-    Prob. 

•  To  lay  down  an  Elli^u  by  the  Line  of  Sinei 

38.  on  the .  Seilofy  hanging  the  diameters  ^C  and 
BD  both  given.   , 

Rl         •  •       <  >     .  * 

U  L  E. 

t>i:aw  the  Dianieter^^Ct/ancl  make  ^£» 
JBCj  through  £  draw  -fix)  x  •/dfC,  and  make 
/?£  r=  £2?.,  ^ke  £^  (a  jEC)  a  parallel 
Radius  of  90:  90  on  the  Line  of  Seines;  then 
^.  take  the  'parallel  Sincs'of  10,  20,  30,  &c.  ind 
fel  Ttipd&i^  Ipolli  £  towanls  .^  4Uid  C;  boc& 
.   ;i  C  Ways^ 
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Vays,  which  will  give  the  Points  10^  70,  jo,  ^OyViA 
&c  through  every  one  pf  thefe  Points  draw  38. 
liaes  il  B7),  as  80  80,  70  70,  6p  .60,  &c.:  then 
onake  EB  (=s£2>)  a  parallel  RacBm  of  90: 
^o  dn.the  Sines,  and  take  parallel^ife  the  Sines 
of  80,  70,  60,  &c.  and  fet  all  Ways  from  .10;  20, 
30,  &c  to  'So,  70,  tJo,  &c.  then  through  thefe 
PoimS)  with  an  even  Hand  draw  a  Curve  which 
wiil  give  the  £I)Ip&  required,  and  is '  every  Way 
true  and  perfedly  Inathebacital.. 

If  an  EUipfis  thus  drawn  he  cut  6^' on  P^e* 
board  or  very  ftiflF  Papery  it  may  afteri^rds'be 
neatly  taken  cff  upon  Piper/  by  -following  the 
Edges  thereof  with  a  drawing  Pen^ 

'  PROP.   XIX.    Pr6b. 

To  delineate  a  Parabola^  having  the  Ordinate  ,. 
AB  and  its  ^xis  CD  both  given, 

Hu  I-  E,  " 

Draw  a  Qrcle  through  the  threji  Fbints  ^C£, 
(by  Prob.  11.)  Alfo  through^  draw  as  many 
Grdes  as  may  feem  conyenient,  each  of  which 
qtoil  cut  the  Axis  CTJl  fomewhere  between  C 
and  !D^  as  in  (i,  b,  and  c.  Make,  ad,  bf,  ancl 
c/  each  equal  to  liE,  an4  through  d^  ^  sndjfS 
4niw  gi,  iJtj  Im,  all  parallel  to  ^£,  to  cut 
their  refpediye  Circles  in  g,  h,  i,  i,  i,  m,  through 
whi^h  from  C,  with  an  even  Hand  draw  the 
parabolic  Carves  Ci^,  CkB.  This  is  F/etcher's 
as  alfo  is  the  following  Problem. 

D2  PROP/ 


Method; 
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Fio.  PROP.  XX.    P»«B. 

40.  Sfi  lilrtftt;    4JII  Hfperbola    ABQ    bam^g  its 
Tnpffverfe  jixU  BD,  4iiK/BE<=Di)  /Ar  2)/r 
y?aiK;^  rf  the  Fccuf  from  tbt  l^nds  B  md  D  ^ 
the  Ami  sivftu 

Rule* 

CoDtimie  J?£  asy  amTOiient  Lcngdi^  as  m 
I?;  aUo  diYide  J^G  iQtt>  aiqr  Nmnber  of  Parts 
equal  or  unequal,  in  a,  h^  c.  With  the  Dtftanocs 
2>a,  2>A,  a^  T>€9  and  oifefcm  qn  /;  flefirribc 
Ae  Ardies  ^d^,  ^ J,  dd^  ^c  Al^p  ^tk  th^ 
btHaoces  i?4,  i?^  Ac,  &q.  and  we  Foet  in  iS 
crofs  the  Ai'che;  firft  dlmviv  iHth  other  Archef 
ecy  €€y  eCf  &c  Through  the  Pqints  of  Ipter^ 
icBaaa  draw  the  Curve  ABC. 

PROP.  XXI.   Prpb. 

41.  ^  r^^&^^  tfnjr  Qgadrila^ral  Cor  fqur-Jided 
FiguuJ  AQCD,  /p  tf  Triable. 

R  ir  L  Bv 

Draw  ^£7;  alfo  from  ^  draw  BE  H  to  .//€;, 
ix^iich  wiU  cut  !pC  extended,  in  £;  then  draw 
^-E,  fo  is  pAE  the  Triangle. 

For  Ibe  Triangles  AC^,  ACE,  ftanding 
upon  the  fame  Ba?e  AC,  and  between  the  fame 
Parallels  ACnodBE,  are  equal  (byTheor.  13.) 
and  by  adding  the  Tr?an|[ie  AID  C  (which  is  com- 
inon  to  both  Triangles),  we  have  the  Triangle 
A7}E  equal  to  the  Quadrilateral  ABC7>. 
"      ^  -  PROP. 
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< 

PROP.  XXn,    Prob.  ^'^^ 

To  reduce  life  Pentagonal  Figure  A6CDE  to  ^2» 
#  Trtangk  wbofe  vertical  jingle  Jball  be  at  C. 

R  u  L  £^ 

Extend  the  Side  ^E  (opppilte  to  the  yertlcal 
Angle  C)  both  Ways  to  G  and  i/,  gnd  draw  the 
Diagonab  EC,  AC;  tbeq,  through  H  draw 
VOG  I  to  CEy  to  cut  j§E  extended  in  (?;  and 
through  Jff  draw  f  if  If  to  (7./^  which  wiU  cue 
AE  extended  in  H;  then  draw  GC  and  HQ 
which  will  make  the  Triangle  fJCG  equal  to 
the  PcntagoQ  ABC7>E. 

PROP.  XXm.   PnoB. 

_fo  reduce  tb^  Oflngonal  Figfire  ABCDEFG{I  43^ 
to  a  Triangle. 

R  X7  L  £• 

GominHe  its  Sides  jAi,  3C,  CT>,^E,  EF^ 
tbea  begiiming  at  H,  draw  GI H  HF,  to  cut 
£jF  extended  in  /;  alfo  draw  IK  H  HEy  which 
irill  CBtT>E  extended  in  K;  alfbdraw  KL  R  HT>^ 
10  cut  CD  extended  in  £ ;  alfo  drawXAf  11 HC^ 
to  cut  J?  C  extended  in  M;  and  \tMy^  draw 
MN  II  HB,  which  \nll  cut  ^  J?  extended  in 
iV:  Then  draw  i/AT;  fo  is  AHN  the  Tri. 
angle. 

iVb/^,  The  Work  of  this  and  the  following 
Ftoblem  wiU  become  perfeftly  eafy,  if  you  ufe  a 
praHel  R^ilcn  PROP. 
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Fig,  

PROP.  XXIV.   Pro  B. 

•  ■  * 

4\f  T^  reduce  an  irregular  Figure  ABC  G*r.,  of 
a  Field  whofe  Hedges  contain  many  Bendings% 
^gleSy  &c.  to  a  TrapezijiffL 

I  '  \ 

R  U  L  E^ 

;  Firft  reduce  the  Sides  ^B,  BC  to  poc  Side 
^M,  by  the  lad  Prob.  *  then  beginning  at  Af^ 
lay  the  Edge  of  a  parallel  Ruler  on  M  and  Ey 
and  extend  the  other  Edge  to  2>,  which  will  cut 
AM  in  a  J  then  lay  the  Ruler  on  a  and  the 
the  next  Comer  F,  and  its  Edge  extended  to  E 
will  cut  AM  in  c ;  then  apply  the  Ruler  to  c 
and  the  next  .Comer  G^  and  its  Edge  being  ex- 
tended to  F  will  intcrfeft  AM  in  b\  agaJb,  lay 
the  Edge  of  the  Ruler  on  b  and  the  next  Corner 
Hy  and  its  Edge  bdng  extended  to  G  will  cut 
AM  in  P.     Draw  HP^.  which  ha$  reduced 
the  crooked  Side  CDEp  &c.  to  a  (Iraight  ooa 
Thus  reduce  the  other  Sides,  and  you  will  have 
^  TV^ezium  equal  touhe  Figure  ABC  kc. 
This  Trapezium  may  be  fiirther  reduced  to  ^ 
Triangle  (by  Prob.  21.)  if  required. 


«      b      m'     •       .      ^ 


n^TtK 
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GEpME-t^icAL  Theorems.  . 


PROP.   I.     Theor.  Fi 


G. 


TF  any  right  line  AY  ^j«^  a/j^n  /A^  MiddU  jy, 

€f  another  right  Line  Y^Tj^  it  will  make  there^ 
^tb  two  ^ght  Angles  J  or  two  jingles  whofe  Sum 
is  equal  to  two  right  .Angles.    Euc.  i.  13. 

tJri-ftr  the  Diameter  T>Zy  which  will  divide 
the  Grde  liX^E  intd  twd  equal  Pans  "DXZ 
and  1DEZ,  each  containing  a  Senii-cifcle  (or 
18c**;)  if  therefore  a  Line  X^  be  drawn  front 
the  Point  X  to  the  Center  j4,  it  will  divide 
the  Semi-drde  2>  XZ  into  two  equal  Fans, 
making  iwo. right  Angles  23(^4 JT,  Z^X;  or 
if  a  Line  JilT  be  drawn  down  from  another 
Part  (2^)  of  the  Circumference  to  ji,  It  will 
divide  the  Semi-circle  into  two,  unequal  Parts, 
making  the  Angles  ID^iT,  Z jiT  unequal; 
but  ©Jif3f^+2;42*  arc  equal  to  a  Semi-circle 
w iwo  right  Angles,    .QjElD. 


•  m    ^  ^  ..■«  ««k* 


PROP. 


Fi<r.  PROP-  n.    Theor, 

45.  ^  ^^^  ^^£^^  lAnes  iLy  KM  inierfeil  each 
ether y  the  opfofite  Angles  A  and  Q  as  aljo  B  i»u/ 
D  are  equal  \  that  is,  the  jtngk  A  a=  the  jitigU 
C,  and  the  Jbigle  B  es  the  jingk  D.    £uc,  1. 15* 

TheSumof  the  Angles  ^4+^  (by  Thcor.  i.) 
is  =s  to  a  Semi-drde,  alio  the  Sum  of  the  Angles 
vrf+tZ)  (by  the  fame  Theor.)  k  s  to  a  Semi- 
drde;  then  •^^+-5  =s  Aj^  *D  (by  Axiom  i.) 
Throw  away  A  from  both  Sides  of  the  Equa- 
tion^ and  there  will  remain  the  4^B^^i% 
tby  Axiom  3.)     ^E.T>. 

PROR  IIL    Theor. 

46.  Jf  a  right  Line  OR  cut  two^  parallel  right 
ISines  NP^  SQ^,  thje  alternate  Angles  JiaRf 
QJ>  0  are  equal^  and  confe<puntly  the  Lines  fa-- 
rallel.     £uc.  j.  29. 

The  Angles  .iNT/jJ?,  and  PaO  (by  Th£0r.  2.) 
are  equal ;  and  becaufe  the  Lines  are  l^allel^  the 
-^  tfaR  is  =  ^QfiO  s=  ^  PaO,  i*hich  (by 
Theor.  2.)  ^^QJ>0.     j^E.7}. 

PROP,  IV.    Theor. 

J^  any  Side  of.  a  rigb^lined  triangle  he  con* 
tinuedy  the  exterhal  Angle  is  e^ual  fo  the  Sun  ef 
the  two  oppo/ite  internal  ones.    £uc  i.  32% 

Let 
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Let   trST*  be.  the  giycn  triangle;   coo- Fig ; 
tmiK  the  Side  UT^  to  Z,  and  from  7*  draw  47; 
TT  paralid  to -the  Side  t/S   (by  Prob.  i.)- 
lla  will  the  est^rnal:  'i  SlTZ  ■  be  equal  to 
the  Stun  of  the  iniernal  ^is  SVTy  UST;  for 
tfc  Lines  5"£r^  TT  bein^  parilieli  the  ^  S  ^r 
is  s«  ^^  CTfirr  (by  Thcdr.  3.);  alfo  the ^ZTT 
'»s^^  SUTy  and  confcquently  the  ^  STZ 
{^SfT.+  Ztry  ^^:SUT+  ^  USTt:^ 
Sam  of  the  oppofite  internal  Angles.  QtE.D. 


*t      »      • 


PROPy  V.    Thbor, 

i« .  '"■**• 

T&  ^^ri^^  ^g^^  of  any  reSlilinear .  STn^jir^/^ 
m.Ujgetber  f^l  fo  tvio  right  \/ingks,  or  i8o 

degrees.    £ua  ii  g2i 

*     .  *  ■  ■        •' 

The  Line  S  T  ftHmg  on  thfc  Line  tf^,  makfe  47^ 
the  Angles  STU  and  f  T'Z  together  equal  to 
two  right  Angles  (by  Theor.  1.).  Alfd  the  Sum 
cf  the  Angles  5  add  {7  is  equal  to  thb  ^  STZ 
(Theor.  4.).  Therefore  the  Angles  S,  U  and 
5^fi7arejss  180  I>egrees.    ^E.Tf. 

Or  the  fdnik  May  be  dmmfirated  tbuh 

Let  the  Triangle  be  ^BC\  thr<Migh  A  draw  4^: 
Tit  parallel  to  the  Side  CBi  fo  is  the  ^  1>AC 
a-  tie  ^  ^di?  (by  Theor,  3.) ;  as  alfo  the 
Jd -B^^  s.tixe  ^CBA\  but  the  ^VOAC 
+.X&  Cw^^  4.  ^  £^J?  B  i8o%  or  two  fight 

E  Angled 
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Fi  G^  Angles  (by  Xbeor.  i.) ;  and  conf^eiicty  die  thijce 
48.  Angles  JtCB  +  C^B  +  C^ii4  arc  cqiwj  ta  a. 

Semi-circle,  pr  180  Degrees*  j2;-^-2!^*     -   ';,  , 

'  PR  OR  VI;    Theo;i.,     '     ;   f 

?i&r  S/4fJ  ofjimilar  Trianglfsare  fiyfoi^ff^^ 
and  the ydngles  fubt ended  by  fr^tiin^'^r^0^i\ 
Sides y  are  egual.  ^  ._   --  j-- 


'  >• #. 


47.  In  the  Trtangles  SfU  and;  ^^C,  tK^SidS; 

48.  STmdi  AB  are  proporrional/  as  are  aifo' thft 
*  other  Sides ;  then  it  will  be  as  ^  «7 :  ./^C : :  TJ/ : 

J5C;  and  zs  ST:  ^B  ::  St^ ^  JCi  alfo  the 
^  ?*  will  be  equal  the  j^  B,  the  -4 17  =  the 
^  C,  and  the  -4  5  =  the  -^.^j  and'thfrc-^ 
fore  Triangles  whofe  Angles  "are  equal,  haVe  the 
Sides  fubtending  thofc  Angles,  equal  or  projpor.- 
.tional.    6;j&/^.  4.  5*  .j2^jE.2>^  .    / 

T^KOi^YSX.   The  OR. 

//I  AMjr  four-fidtd  ftghi-Uned  Figure,  cmnudy 
called  a-Trapezitmy  the  Stimef  the  four  .d^leth 
equal  to  four-  right  AngUi,  or.  J^a  Degrees, 


>»>^      ^    - 


49.  Let  FGHI_h^  ith?.  Egupc;  giTCo^  tln^gh 
which  draw  the  Diagonal  /^,  dividing  the  Tn- 
pezium intbtWo  AS If^i  Jif^* «aeh of wbiA 
is  equal  to  rwo  i^gbi  Aflglte'(by  TheoftjOi 
Therefore  the;  i^t  An^  of  Uie  Qoidrttogle^ 
are  cqeal-*©  four  right  Aogl^    j^L^.SX       - 

PROP. 


♦  ^ 
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PROP.  Vm.    T^&oK.  ^''^' 

T6e  Sum  of  a/l  ibe  jingles  of  anyrigbt-lifud 
Figure  itbm^b  it  atftain  never  fo  many  Sides^ 
is  eipal  to  doAU  tbt  Number  of,  rigbt  »4f^ks 
(abating four)  tbat  ■tf>ere  are  Sides  in  the  Figure. 

•  •  • 

In  the.  irregular  Polygon  K^MNOP  «»-  50. 
Miag  of  fix  unequal  Sides,  ^affume  a^P^nt  j^ 
from  wluch  draw  Lmes  1^,  Q^i^M.^N^ 
OP,  £P,  to  the  Comers  X  ^,  H  N,O^P, 
reducjo|;  the  Polygon  intp  as  maajr  .Triangjc^ 
(tiz.  d)  as  it  hath  Sides.  Each  of  thcfe  Triajgks 
contams  two. right  Angles  (by.T^Wf..5.);  ^ 
Aerefore  the  Number  of  right  Angles,  contained 
in  all  the  fix  Triangles  is  ss  i^  («  dquible  the 
Kumbcr  of  the  Polygon's  Sides) ;  but  ffom  thcfe 
take  four  right  Anjgles  (s=  the  Sum  of  all  the 
Angles  at  Q,)  and  the  Remainder  8  is  the  Num« 
ber  of  right  Angles  equal  to  the  Sum  ^f  the  An^ 
%ksK,L,M,N,Q,P.     QjE.7)/^ 

PROP.  IX..  "iTHEdi. 

Jh  right-kne4  Triangles,  e^al  Sides  fubten^ 
equal  Angles  (Euc.  "i.  5.)  The  greatejl  Side  fub- 
tends  the gredtefl idnglet^xic.  i.  19.)  arid  the  leafi 
Sidefubtends  She  leafi  Angle.     '        ' : 

PROfc  X.    Theor.. 
f/in  Angle  in  a  Semi-Circle  is  a  right  Angle  i  5 1. 
#r  iftw^  Lines,  as  TR  and  Sk,  be  drawn  frm 

Hand 
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ftG.T  andS  (the  Ends  rf  the  diameter)  h  R  in  the 

If^g perpendicular  io  each  ether.  ^  .  .  /i     ; ;•;; 

51.  Through  the  Center  Ef  draw  the  piametcr 
TS ;  let  iSS  be  a  Point  alTu med  in  the  Grcuia^ 
xer^ce,  to  which  draw  SR,  UK,  TR,  and 
you  will  have  rwo  Triangle?  UTR,  UI^S  : 
Then  bccaufe  UTls  =  Ult^  175;  therefore 
-  the  \k  UTR  =  Jl  t'RU,  and  ^  VRS 
sa  jlUSR^  by  Thcor.  9.  And  becaufe  the 
three  Angles  of  the  Triangfe  STiCS^  are  equal  to 
two  right  Angles,  (Theor.  5.)  and  the  -^  T'ss 
^  URT,  and  the  ^8  =  2:  URS,  therefore 
the  Sum  of  the  Angles  URT  zniURS  h 
equal  the  Sum' of  the  An^cs  T  and  5,  which  i« 
equal  to  Half  the  Sum  of  two  right  Angles^ 
which  is  oae  right  Angle.    Q.E.1>.    • 

Or  thus ; '         • 

5 1.  The  ^  SUR  +  ^  TUR  a*  to  mro  right 
Angles  (lhw)r."x.>  Alfo  the'^lt^r*  +  -dlV-Rr 
B  ^  SURi  and  the  Angles. ^£JC  and  URS 
jare  together  equal  to  the  Angle  TUR  (Theory .)  j 
tberefore  the  jLURS(=^ USR)  +^URr 
(=s  ^  UTR)  s  to  one  riglit  Apgle.    P,£.2)'. 

PROP.   XI.    Theor. 
^2.      Parallebgrams  /landing  upon  thefgme  or  equal 
Safes y  and  between  the  fame  or  equal  Parqllels^ 
are  equal:  Tffat  ii>  □  YZCB  is  =  bVXCB. 
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I^  h  cridcnt  thatf^Xis  si  C5  ssTZ:  alfo  Fig. 
iT  bdng  common  to.  both,  ^2^  h.^  XZ,  52. 
(Ax;  2O ;  .alfo  fC  is  as  Xj5  (Dc(.  21.)^.  There- 
fore the  tpmgles  FCT,XBZ  are  equal  If 
therefore  'DXY  (which  -  is  a  Part  of  both  Tri- 
angles)  be  uken  away,  there  will  remain  VXT>  C 
and  IDTZM,  which  (by  Ax.  3O  are  equal.  Alfo 
CDB  being  oximioa  to  both  Parallelograms^ 
IDikea  FXC£  ^  to  TZCB.    Q^E.H 

PROP.  XII.    Theoh. 

^  ij  Tr^i^/f  have  tbejame  Bafe  that  a  Pan 
raUekgram  baibj^  and  he  between  the  fame  Pa- 
ralklSy  the  Triangls  is  e^ual  h  ffylf  tbe  Parol- 
kbgram.  ■         "  - 

In  the  Parallelogram  FGIK  draw  the  Dia*  53, 
gooal  KG,  which  divides  It  into  two  equal  Tri- 
angles KFG,  GIK;  for  the  Side  FG  is  equal 
to  the  Side  KI,  and  the  Side  FK  is  equal  to  the 
^de  GI,  and  KG  is  common  to  both  Triangles^ 
9nd  confequently  the  Triangles  are  equal,  and 
each  ^ual  to  Half  the  Parallelogram.    j2;£*2>. 

PRPE.  3011    The  on. 

•         •  -  ■ 

^11  iriangks  bamt^  fbe  fame  or  eqUal  Bd/es^ 
4fad  bdng  between  tbefatni  or  eqUal  ParalM/^Me 
fqual.:   .  .    :    >    ; 

It  is  e^disat,  ftotd  thior.  ii.  that  Parallelo- 
giam!s  ibm^Jing  upoii.tbe  /kme  Bafe,  and  betnireen 

.      '        the 
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Fi  G.  ihc  ftme  6f  equal  Taralkfe,  are  cqifal  \t6  .chic 
toother ;  and  that  fuch  Triangles '  (Thcor.  t.i.) 
are  the  HSff  of  thefe Rndlelograms;  thcrfibite 
m  fiich  Triangles  {landing  upon  the  fame  6r 
e^ual  Bafes,  are  (Ax.  7.)  equaL    j^£.!D. 

FROP.  XIV.   THist)Ti. 

»    •  -  •  •  \ 

)     ,       . 

jSi2<^  Pariilkbgrams  and  Triangles  \if  fittmd 
upon  and  between  the  fame  Parallels f  are  pro^ 

fortional  to  their  Safes. 

«     .  -  *      ■    >      • 

-5^  rjAS,  £K  and  Fl.hc  twq  Parallelograins  ly- 
ing .b^tw^en  the  ^lallels  J^G,  LH; .  tbep  LK : 
KI::ClEK:  dFI:  Alfo  in  the  Triangl(?s 
KGI,.IGH,  it. is,  as  KI :  JH r.li.KGIi 
kiGff.    Euc.  6,  I,    . 

« 

PROP.  XV.  'THEoa. 

Jfa  Line  be  drawn  parallel  to  any  Side  rf 
a  Triangle,  it  will  cut  the  other  Hvd  Sides  pro^ 
portiondlly. 

47.  Draw  ■  WX  parallel  to  177,  to'  cut  the  Sides 
^ IT  and  STm  W,Xi  then  SW^.^U.-SX: 
S^i-dsvw  WT and  l/J^nakittg  the Trnng^ 
WUt  and  XTir»  which  (by  Thcor.  13.)  arc 
.equals  as  alfo  are  the  Triangles  UWX  and 
rJCfTj  therefore  it  willb^  as  StVX:  tvOX.: 
SfV:  WU\  apd,  as  ^W'X  :  WUX  (the  Tri- 
angles 


angles  VWX  and  TXW  being  equal) ::  SX'.  Fio., 
XT\    dien:  thronxr  i^'away  the  vs^  firlb  Terms  47. 
SWX,  WJJX,  and  it  viU  be,  as  ^^.:  WV,.- 


PROP.  X1^    Theor* 

If  mitttyngUHil^M^fiat^  a  Ptrpcndiciikt 
be  Id  fattyfifm^tffi  HgHtt'^^ingU,  upon  its  €fp6/iU 
ur.  ht^Jt'Sii^  ifHffiS  divide  the  given  Irianili" 
ini9,twu9  n^*a9^it^SfJ^lar  and 
t0./hej!rfiianda^  to  l^aci  otber^ 


>'  >«i>^ 


•^  •  * 


i  .• » 


In  thC'Uglit^^ed't^angle  PMN,  M  1»I  •S4< 
die  Berpttddictdar  MOi  which  will  divide'  it  'into ' 
t^  tJ^-^UiTtiiDglti  PMOf  OMN,  «hkh 
aip .  aUee  ^b]r  Theor.  <$.).   Alfb  the  An^e  iHj(  i 
cnniMdB  tojiiodi  Triangles,  i.  e.  it  u  common  to 
tfae-TiiabgiesPJlfiVtod  PMO;  alfe,  by  the 
&mc  TiMoresif  Pil/iVand^  PMO  arca^fte; 
as  ore.alfo  i?Af^'  »sd  IfOMy  becauf^  tlVfr 
Angles.  JPOitfuad  :/^&Jlif>  are 'tight  jandvVd^ 
die  Triangles  POM ifA  NOM^Tt  alike  (by* 
Ax.  I.) ;  and  therefore  in  the  Triangles  P  MNt 
POMf    it  "vrill  always  be,  as  PO  :  PMu 
PM:  PiV:  That  is,  the  Square  of  P  iWT  is  ss 
PO  X  PN.   Alfo  in  the  Triangles  NO  M  sad 
PMN,  as  ON:MJN  ::  MN:  PN;  and 
dierefore  the  Square  of  MN  k  m  ONx  PN', 

PROP. 


3^  GtojAEtlicxL  THEoiLEkJr  '    Bbbk  h 

,   !  PROP.   XVIL.  TjiEOKi 

the  Hyfothenufe  {or  lengeft  Side)  'is  equal  'lo  the 
Sum  if  the  Squares  sf^tbe^Atr  tw»  Sidef  or  L^si 


55.  hot  SQ^R  bjc  t^e  \g^efi  TrU&glc  Ott  the 
HypodietHife  Sfi.  cQ^r«ft>a  Square,  v0td^  Side 
of.  vfhxh.  ihail  be  ,»  S^  (tis  -die  {Sqofttt  jSr), 
aiid£r<M|  the  nght\.vAj)gle  j^Iet  f«fl';thc.Ifer« 
pendicalai-  Q>^  japqa  the  vHyp0tbcQi4i^>  and 
coadiuie  it  to  Z ;  which  \nll  divide  the  O  SI* 
mtxvmUli'BTvid.S'?.'.  It  is  arideoi!  that 
sXhsiii&^st  S^t  an4(therefore  RTxBH, 
a  q  of  ^  O  ^r,\which  (h^  the  laft  Theox^> 
is  «*  D  £JR ;  alfo  S^,  x.iJ,S,  =;  n*f  the  Q IZ^ 
whach  (by  the  fame  ,Theor.)  is  s  O  Sj^t  fiot  ii 
the  □  ^r  be  «  q  g,i?,  and.  the  C3SZh^  «. 
Q  ^(^^ .  a$  hadi  been  demqnftiated, .  then  the 
Sam  of  thefe  two  Os  (a::  USR)  viSlht  ^ 
a^;R.+:D  i'j^;5=  the,  $ufij  of  the  SJjtiarcs' of ' 
thetwoSy«.orI<gs.-:,^-E.^.     .'     ii     - 


^     J     I   .  > 


.(    -V 
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Xbi  Iffe^of  the  Tables^ Log A&iTHMSi  as  ajfotf  tb$. 
Tables  ^  AktiF(Icial  Sin£9  and  Tangents. 
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^     r  •  ^  « 

DEflNITrONS. 

•  •  • 

,  '     *  *  '  '.  ...     * 

I.X  OGARITHMS  arc  a  Scries  pf  Numbeia 
I  I  ^  which  differ  among  them/elves  in  arithmetical 
ProportioQ,  as  the  Numbers  they  rcprefent  differ  iQ 
geKMBCtrical  Propqrti(Hi. 

2.  The  Iqde^y  or  Charaderiftic  of  the  Logsirithm 
of  any  integral  Number^  is  always  lefs  by  i  than  th$ 
Number  of  Figures  thefaid  Integer  ponfifts  of;  as  thct 
(SiaiaAeriftic  (^  i  is  o,  of  lo  is  if  of  loo  is  2,  o£ 
1 009  is  3y  &c.  And  therefore  the  CharaAeriftic  be-* 
ing  kaown^  will  always  ihew  the  Nupiber  of  Places 
of  FigEres  the  abfolute  correfpondet)t  Number  mud 
jx^e&y  which  will  be  a  Place  more  than  the  Cha« 
ra&eriftic  contains  Units.  The  Charai^qriftic  is  fe- 
parated  from  the  Figures  of  the  Logarithm  by  a  Point 
0)  much  after  the  Form  of  a  Dedmal;  as  2*3^17^8  ^^ 
t^  Lcigarithm  of  thQ  Number  ^30. 

F  3-  The 
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g.  The  CharaAeriftic  of  a  Decimal,  is  commonly 
called  oegative^  and  fhews  the  Place  the  fir  ft  fignificanc 
Hgure  of  its  corrcfpondent  Dedmal  muft  poffefs  be- 
low Units ;  as  fuppofe  the  Chara^riflic  be  i,  the  Srft 
fignificant  Figure  muft  poffefs  the  firft  Place  of  Deci- 
mals ;  if  2,  the  fecond  Place ;  3,  the  third,  &c  Thefe 
Charaderiftics  have  a  Pdint  before  and  after  them,  to 
diftinguifti  them  from  affirmative  Chara^lerifticSx  and  to 
fliew  them  to  be  negative;  as  '17403^3  is  the  Loga-- 
rithm  of  '55,  and  •2740363  is  the  Logarithm  of  '055, 
&c 

4«  If  the  CharaAeriftic  of  i  be  accounted  10  or 
100,*  then  the  Chara^riftic  of  •!  wiH  be  -9  or  -99,  oP 
•01  will  be  -8  or  •98,  of  -oor  will  be  7  or  '97,  &€• 
So  that  by  thus  doing,  we  obtain  affirmative  Charac-f 
teriftics  to  negative  numbers,  though  it  is  neceflary  to 
prefix  a  Point,  to  fignify  their  being  negative.  Thefo 
are  g  fecond  Sort  of  negative  Indices,  and  are  managed, 
after  a  different  Manner  from  the  former,  to  which 
I  give  the  Preference,  and  which  I  (hall  make  Ufe  of 
in  the  Sequel  of  this  Work,  Thofe  who  are  defirous 
of  feeing  the  Forms  of  worklog  by  thcfe  laft-mentioned 
Charaderiftics,  may  confult  Martinis  Logarithms. . 

5.  The  Tables  of  Logarithms,  are  the  Logarithms 
of  alt  Numbers  from  i  to  loooo,  carefully  fclefied' 
from  the  moft  accurate  Tables  of  the  ingenious  Mr 
If.  Shenvhy  and  abbreviated,  and  reduced  to  a  com-> 
pendious  Form^  without  their  Indices^ 

6.  Thp  Canoii  of  the  logarithmic  Sines  and  Tan- 
^^ptS|  is  it  T&ble  of  the  Logarithms  of  the  jiatural 


Sines  and  Tangents  to  every  Degree  and  Minute  of  the 
Qjadrant,  cUdSfed  Ink  plain  and  obvious  Manner,  fo 
as  to  render  their  Ufe  eafy. 

-«  -  •  •  •  * 

P  H  0  6*    1* 

Toffki  the  Logarithm  of  any  Number  not  exceeding 
firee  Piacei  ef  Figares^    - 


••  Ik  t  L  fi. 


1  ■ 


►  » 


I 


iind  the  gl via;  Number  in  fome  one  of^  tlie  Co- 
IniiiDs  of  the  Tabk^  marked;  at  Top  (N**)  and  oppofitc 
to  it,  in  the  at^imltg  ColOmn  is  the  required  Loga- 
rithm, to  which  prefix  its  proper  Chrraaeriftic. 

Example  L 
dtten  the  Number- 48,*^ to  fiiid  its  Lo^rithm/ 

m 

The  Logarithm  of  48      ■"       **-.     sk  1-681241 

Example  Hi 
Given  the  Number  436  j  required  its  LogarlthnL 
The  Logarithm  of  436     •***      —     a  2-^3948(5 

•  '  Note^  If  Part  of  the  given  Number  be  a  Decimal, 
&id  the  Logarithm  for  the  Whole,  to  which  aqnex  th< 
jbdex  belonging  t0  the  integral  Part* 


•  •  •  "  ^ 

§^  Of  the  LoGAHrTHMS  Bo6k*^ 

'  Prob.il 

To  find  the  Logarithm  of  a  Number  ca^fiing  offmir 
Figures. 


m  • 


R  U  L  £4 


Seek  out  the  firfl  three  figures  in  ioiiie  of  .the 
Columns  mark'd  at  Top  (N"^)  and  take  out  the  perma-* 
nent  Part  of  the  Logarithm ;  then  oppofite  to  the 
Number  jaft  found  (and  in  the  Cohimn  figned  by  the 
laft  Figure  thereof)  take  out  the  lift  Figures,  which 
annexed  to  the  Figures  in  the  |)armanent  Part  (firO: 
taken  out)  makes  up  the  Logaritfaim  fought,  10  which 
annex  its^  proper  Incfejc^ 

£  X  A  M  *P  1  £• 

Let  it  be  reqi^rbd  tofiad  the  Logarithm  ffV!  the 
Number  643*6. 

The  Logarithm  of  643-6    —     —    as  2*8o*6id 

•  »     •      - 

p  R  o  B,  m. 

To  find  the  Logarithm  of  a  Ntmber,  of  five  Figures^ 

« 
Rule. 

•  .Find  the  Logarithm  of  the  'firil:  four  Pigtines  by 

Prob.  2.    Multiply  the  DSerehce  between  thhioA 

the  next  greater  Logarithm^  by  the  ftmainitig  Figure 

Qf  ,the;giyen  Number^  and  frwi  the  Product  cut  cff 

•  one 


one  Figure  to  the  right  Hand ;  the  remaining  Figures 
rf  the  Prodad  odckd  to  the  Logarithm  fnft  found^  is 
the  Logarithm  fought. 

w  '  T  ■ 

Example*         ..... 
.  Girctt  the  NunAcr  «68543,  ^  ^^  ««  Lc^aojehtt. 

TheLog.  of  thefi]:ft-4^]rtgut«B  A%s/((<i  P^^*g95944 
The  Log.  next  following  is  of  68550  =  4*836007 


•^rw 


The  Di£  of  Numb,  and  Log.        20    .  62 

■ 3 

Add  the  firft  Logarithm     '-^      -^     4^835944 


rmmm 


Sam  is  the  Log.  of  68543      —      »  4*^359^3 

PROB.    IV^ 

To  find  the  Logarithm  of  (my  Number  not  exceeding 
fivenPlacesif  Figures./ 

•R«  L  s. 

'  TrsA  rire  Logarithm  of  the  firfl  four  Figurts  (by 
%ob.*2i) :  Then  muhii^ly  the  IWerence  berween  this 
:And  the  next  greater  Logarithm^  by  the  rcmammg^ri* 
]gure;or  ^Figures  of  the  given' Number,  and  from  the 
Trodufl:  cut.dfFas  many  Figures  on  the  right  Side, 
•as  you  multiplied  by  j  to*  the  remaining  Figures  6f  the 
'FftJduft  ddd  the  Logarithm  firft  found,  the  Suinftall 
"fcc  thcf  Lcfg,  ef  the  Nttiaber. 

Ex- 


^f  0/ tie  Log JLKiTU^i        IBiqckIL 

m 

.     E  JC  AM  P  L  E    L 

-   Rtqmrdd  thie  Logarithm  of  the  Number  43^587. 

The  Log.  of  436500  =3  y6299^4f  the  Log,  of 
436600  ss  5*6400^4. 

a  Log.  of  4J<5587»  « 'c^«^ 

■    ■      ExampleU 

Gircd  the  Numbdr  5436-875,  to  find  its  Log; 

The  Log.  of  543d<J<5<3  «  3'735279>  *«  Log*  o*" 
S437000.  =s  3-735359-     ■ 

«  3*735349  =*  Log.  of  5436-875. 

PROB.    V. 

li  /«i  /i&/  Number  belonging  to  a  Logarithm* 


This  is  juft  the  Reverfe  of  the  foregoing  RtdesF 
for  finding  the  Logarithm  for  any  Number :  And 
therefore  feek  in  the  Table  for  a  Logarithm  equal  to^ 
.«  theneareft  lefs  than,  the  giren  Logarithm^  and  iJF 
you  £nd  a  Logarithm  exafily .  me  feme^r  then  the  Num^ 
ber  correfponding  thereta.is  the  Number  required. 
But  if  you  cannot  find  eTca^tiy  the  Logarithm,  *  take 
the  Difierence  between  the  given  Logarithm  and  th^ 
lejx  fe&^  and  to  the  Remainder  annex  as  many  Cy^ 


phen  as  you  feek  Figures  for^  which  divide  by  the 
Di&rcnce  between  the  Logarithm  next  greater  and 
Bttt  Jefs  than  die  given  Logarithm^  and  the'Qttodent 
annexed  to  the  four  firft  Figures  will  give  the  conu^ 
pleat  Number. 

EXAMJPLE    J. 

Given  the  Logarithm  4^8359^3  j  to  find  the  Num-i 
ber  correfponding  thereta  •  .     < 

The  Log.  next  lefs  is  of  6854    -,  *  ^i  4*835944 
The  given  Logarithm      ~       --      «  4*83  5963 

Difference      —      —:--,-        —  ip 

The  Log.  next  greater  is  of  6855        a  4-836007 

DiC  between  greateft  and  leaft  Logs.  63 

Then  ^^^^  =5.3;  which  annexed  to  6854,  mak^ 
68543,  ^  Number  required. 

E  X  A  M  P  L  £    11. 

Given  the  Logarithm  5-64007 1 ;  the  abfolutc  Num- 
ber thereto  is  required. 

The  Log.  next  lefs  is  of  4365      —     -5  $'6399^4 
The  given  Logarithm      ~      —      ss  5-640071 

Difference  of  thefetwo  Logs. .    —  .  :..:    87 

The  oesc  greater  Log.  is  of  ^^66      «  5640084 

Di£  between  greateft  and  leaft  Logs.    .  ""^    Too 

Th«o  ^i(^  =  87 ;  which  annexed  to  4365  is  s 

^?^«7  SB  the  Number  rc<juiied.  Pnost 
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•    •        • 


*  »  .  •    •  - 

*    •  •         *  •  •  •  ,  .  . 

:  -T&find  tbt  Sine,  Cb'^/ittc,  Tmgcnt^  CoftOngira,  .Sef^ 
0anty  and  Cosecant  if  tmji  Arc  to  ^o\ 

.'  "Rp  t  K  L 

Tb  find  the  Idgirithmic  Sine  or  Tangent  of  rfnjr 
Arc:  If  the  given  Arc  confifts  of  Degrc&,  or  ofDc* 
grees  anc)  Minute$^  i^e  bgaririimic  Sine  or  l^gent 
riitrcof  ifhfld  hj  InfpeAton  in  the  TftUes,  whkh  are 
too  plafarro  need  Explfination,  But  if  thq  Arc  confifts 
of.  Degrees^  Minutes^  Seconds,  Thirds,  &c.  take  the 
logarithmic  :Sine  of  tkp  Degrees  wd  Mimttes  giten^ 
iifid  of  thfc  next  greaier  bjf  I  Mta*  th^  multipfy  that 
Difference  by  tlie  Decimal  of,  the  intennedi^te  Part  of 
a  M?nute»  and  add  the  Produft  tg  the  Sine  or  Tangent 
of  the  given  Degrees  aid  Mintite9>  tho  Suih  y^iil  b& 
the  logarithmic  Sine  and  Tangent  of  the  given  De-* 
grees.  Minutes,  &c.  reqjuired, 

m 

Ex  AMP  L 'e  1; 

1  .  .        .       .  T      . 

*  m  A  ■  ^ 

Required  the  Log,  Sinf  of  5/  36/  4$^^ 

«  • 

The  Log.  Sine  of  .^*  3d'.a:.9*9'89374,  thie^Logi, 
Sne  «f  5^*  37  SB  8-990660,  ^Sf  s=  o'-8. 

.  Then  B'99o6do  —  8*^^89374  x  0-8  +  8-959.374  =5 
8*990403  as  Liog,  Sine  of  5*^  36^ 48^ 

*  ^ 


E  %A  M  ?  t  s    IL     . 

Requfred  the  Log.  Tangent  of  5  •  —  jiJ'  —  48^ 

The  Log.  Tangent  of  $* -^^6^  =  8*991451,  the 
Log.  Tangent  of  5*  t-  37^  ^  ^'99^1  SOf  48^=  o^-8. 

Then  fr5>j^75o  ^  8-991451  x  o-g  4-  8-5191451  s= 
8*992490 ;;;  Log.  Tangent  of  5 •  —  3d'  —  48^. 

Note,  If  ^re^t  Exadnef^  is  rqcjijired^  (efjpecially  in 
fmall  Arcs)  it  is  better  to  find  the  naturd  Sine  or  Tan- 
gent of  the  Arc,  and  it  is  no  niore  than'  finding  the 
abfdute  Number  to  the  LogarUhm  given  in  the  Ta- 
bles, by  Prob.  5,  and  then  work,  foi:  the  natural  Sine 
or  Tangent  as  you  did  before  for  the  Logarithmic ; 
after  which  find  it$  Logiu-ithiB  by  Frpb.  %  See  the 
bit  Exasiiple  performed  by  this  Methcd 

The  natural  Tapgfot  of  s^^  26f  h  950507,  the 
natural  Tangent  of  5  •  —  ^7/  is  983445- 

Then  »«?445 -980507  X  -B ,,^82957  =  natural  Tan- 

JO*  • 

gent  of  5*  —  36^  «•  48^ J  whofe  Log.  (by  Prob.  4)  is 
992490,  and  is  exaAly  thie  fame  with  that  found  by 
the  firft  Method,"  though  in  tery  finall  Arcs  there  will 
be  (bme  Ihtle  Variatictt ;  to  which  annex  its  proper 
lodex^  and  Uhe  complete  Legitrithm  will  be  8-992490 
=  the  Log.  Tang,  of  5'  -  56^  -48'. 

R  u  L  ET.    n. 

To  find  the  logarithmic  Co-fine  and  Co-tangent  of 
any- Arc  s  Fipd  the  log.  3i<lc  jwd  1^.  Tangent  of  that 
Alt's  Copjjptemcgt,  (by  Rule  i.)  which  will  be  the 

G  logarithmic 
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logarithmic  Co-fine  and  Co-tangent  Note,  the  Com- 
pleinent  of  an  Arc  is  what  that  Arc  wants  of  90"*  or 
a  Quadrant.    This  is  fo  plaip  it  needs  no  Example. 

Rule    III. 

From  the  double  Radius  fubtraft  the  Co-fine  of  any 
Arc,  the  Remainder  is  the  log*  Secant ;  alfo  the  log. 
Secant  of  any  Arc's  Complement  is  the  Co-fecant^  or 
logarithmic  Co-iecant* 

Example^  I. 

•  *  * 

Required  the  log.  Secant  of  43*  —  38^ 

po'— 43*  38^=46*  22^=Comidemcntof43*  — 38^. 

From  the  double  Radius  *-  2croooooo 

SubtraA  the  Sine  46*  —  22^  (=Co-fine7  ^.0,  ^  , 
>.v      ^fl/^  <  9859601 

The  Remainder  is  the  log,  Sec.43*— 38^  10*140399 

Example   IL 
Requited  the  log.  Co-fecant  of  24'  —  14'  —  35^.  , 

From  the  double  Radius     •- —        —  .  20*000000 
SubtraaSine  24*  - 1 V -'35^  (=Co.finc7      .        g 

^5' -45' -^250        ~        —         ^  y     ^^ 


Remains  the  log.  Co-fcc.of  24*— 14^— 35^  10*386572 

P  R  o  B.  VIL 
To  find  the  CotTtplement  Arithmetical  of  a  LogarithnL 
Note,  The  Complement  Arithmetical  of  a  Logarithm 

m 
It 


^ 


IS  the  Difference  between  that  Logarithm  and  the  Log. 
of  Radius^  which  is  ever  i  o'oooooo. 

Rule. 

Take  the  Difference  between  the  given  Logarithm 
and  the  log.  Radius,  the  Remainder  is  the  G^mplement 
Arithmedcal  of  that  Logarithm*  Or  it  may  be  found 
mentally,  by  taking  each  Figure's  Complement  to  9, 
except  the  firft,  which  you  muft  take  to  i  o. 

Example   L 

Required  the  Complement  Arithmetical  of  the  Lo- 
garithm 6*843783. 

From  the  Log.  of  Radius  —  icoooooo 

Take  the  given  Log.        —        — -       j5'843783 

Remainder  is  the  Comp.  Arith^iet.  3*15  62 1.7 

Example   IL 

Required  the  Compjlrithmet.  Log.Tang.  1 0*8 1 6940. 

From        '^       -^        ^—       -^        20*000000 
Subtraft  the  Log.  Tangent        —         io'8 16940 

l^emalnder  i;  the  Comp.  Arithmet.  9'  1 83060 

Note,  The  Comp.  Arithmet.  of  a  Tang.  Log.  is  the 
Co-tangent,  or  of  a  Co-tangent  the  Tangent.  Alfo, 
if  10  be  added  to  the  Index  of  the  Arithmetical  Com- 

« 

pJement  of  the  Logarithm  of  a  Sine  or  Tangent,  it 
vill  be  the  Co-feqint. 

Gt  SECT 
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n^ 


S  £  C  T.  n. 

LOGAKITHMETICA^    A&ITHMETIC 

32r  faulty  Numbers  itfgttber. 

R  u  L  E  1. 

WHEN  the  Indices  of  the  logarithms  of  the 
Fadors  are  both  affirmatiye,  then  the  Sam  of 
Aefe  Logarithms  is  the  Logarithm  cf  the  PrddbtS. 
Note^  If  700  carry  10  to  the  Indices^  it  is  iriGnna* 

tire. 

Example  L 

Logarithms. 

Multiply       ^       ^       -^       ^^vsim9 

By       —        -- —        26=1-414973 

Produf^      884  =  2*94645  ^ 

r 

Example    II. 

Muldply       r 20*8  =  rgiSo^j 

By  — —  V5  =  o-88o«i4 

Produft,       158  =  2-198877 

Example.  IIL 

MtiUiply      - — *       ^      464'3lJ  5*2^66854 

•By  -^ — •         -: —  88^i(«i'5^4^52 

Produd^    4i049*4^4£=4-6!33o6 

RuxK 


1 


R  ir  L  E   II. 

When  the  iBdices  of  die  Logarithms  of- the  Fadors 
jre  bodi  ncigatiWi  then  the  Sum  of  their  Logarithms 
is  the  Logarithm  of  the  Produd^  and  ihe  Sum  of  the 
Indices  is  alfo  negative. 

Nri^ty  If  jrou  carry  i  o  to  the  Indices,  it  is  affirma- 
tiTCy  aod  muft  be  fubtrafted  from  their  Sum. 

Example    I. 

Logarithms. 
Multiply        ' — ^ —        '025  =  •2-397940 

By  ■     ■  ■  '41  =*i'623249 

Produft,       •oio5  3:-2'02ii89 

ExamfleIL 

Multiply        ■■  ■  . •418  =  •1-621 176 

By  ■  ■    ■  — —  .  •i8=*i*255272 

PfoduA,        -075  24  =-2'*87t%48 

Example    m. 

Multiply      -— •oo76  =  *3'88o8i4 

By        '  '09  =  •2*954242 

Produft,        -000684  =  '4'83505  6 

Rule    IIL 

When  the  Indices,  are  the  one  affirmative  and  the 
other  negative,  add  the  Logarithms  together,  to  virfiich 
Sam  anne!X  the  Difference  of  the  Indices,  which  ihall 
^  the  Index  tif  ^  the  Pr^uA^  making  it  either  sffir- 

mative 


4<5 


Loo   A'RITHMICAt 


Bdok 


inative  or  negative,  according  to  the  Mcftion  of  the 

greater.  ... 

Note,  If  you  carry  any  Thing  to  the  Indicec,  it  is 

affirmative,  and  muft  be  added  to  the  Index  affirmative* 


-/ 


Multiply 
By 

Example  L 

Logarithms. 

.-_         348  =  2-541579 

.„_            ■    ,   .            •64  — •i*8o6i8o 

'      Produa,        222-72  =,2-347759 

Example    IL 

Multiply 
By 

64-8-  i'8ii575 
^          •007  =  •3*845098 

• 

Produft,        "45  3  6  =  J  =165  667  3 

Example    III. 

Multiply 
By           - 

•237=*i*374748 

— r-^                   VZt—    0*257679 

• 

Produa,        •42897=;  •1*632427 

• 

P  K  Q  B.     DC. 

To  divide  one  Number  hy  another^ 

Rule    L 

When  the  Indices  of  the  Logarithms  of  the  DivL- 
dcnd  and  Divifor  are  both  affirmative,  fubtraft  the 
Logarithm  of  the  Divifor  from  the  Logarithm  of  this 

Dividen()> 


Sca.li. 


Arithm:  etic. 
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Dmdeody  the  Remdinder  is  the  Log.  of  the  Qnoricnt ; 
and  if  you  borrow  i  o  from  the  Indices,  it  is  affirma- 
tf?e. 


Example    I. 


Divide 
By 


Logarithim. 
468  =  2*670246 

— = —  12  =  ro79i8i 

• 

Quotient,        J9  =  I  "5  9 1 065 


£  X  A  MP  L  E    n. 


Diride 


144=2*1583^2 

"  16=:   1*204120 

Quotient,        9  =  0*954242 


Rule    II. 

If  the  Indices  Qf  the  Logarithms  of  the  Dividend 
and  Divifor  be  both  negative,  fijibtrad  the  Logarithm 
of  the  Divifor  from  the  Logarithm  of  the  Dividend, 
the  Remainder  is  the  Logarithm  of  the  Quotient ;  if 
you  borrow  i  o,  pay  it  again  to  the  Index  of  the  Di- 
yiSor  affirmatively. 

Example    L 


Dhride          — 
By          '  w*— 

■*"*' 

•48  =  Ttf8i24i 
•i2=2*x-o79r8i 

1 

Quotient, 

4SS  0' 602  060 
Ex- 

48 


L  o  G  iL  n  I T  H:  If  I  c  A  I-       'Bank  TL 


Example 


Divide 
By 


Logarithms* 

■  •oo96  =  '3-98227i 

•038  =  •2-5  79784 

Quotient,        •252  6  =  *i*402487 
R  u  i:  X    in. 


Wheii  the  fodiccs  of  the  Logarithms  of  the  Divi- 
dend and  Divifor  arc  homogenial,  and  the  Index  of 
the  Divifor  is  greater  than  tlie  Index  of  the  Dividend, 
then  fubtraft  thf  Index  of  the  Dividend  from  tbcla- 
de3{  of  the  Divifor,  and  the  Remainder  flball  be  the 
Index  of  the  Qnoticnt,.  changing  its  Sign,  viz.  if  it  be 
affirmative^make  it  negative,'  and  if  it  be  negative  make 
it  affirmative.  If  you  borrow  any  Thing  from  the 
Indices,  work  according  to  the  kft  Rule. 


^ 


*    - 

'.      Example 

• 

L 

Dividdi 

« 

6-4  5?  o'8o6i  80 

By 

•      1      ^         .              • 

Hq^v^q^^^ 

Divide 
By 


I  ■ 

''  Qubtiifctit,        -08  ='2-90309o 


Example    IL 


« 


..f.  . 


•i'875o(5i 
•3' 17609 1 


^••*^ 


Quotient,        500=  2*698970 

Rule 


9Ba^a 


AjtlTKMSTIC. 
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Rule    IV. 

When  the  lodices  are  the  one  affirmatife  and  the 
oiher  n^atiTe,  fubtra^^  the  Log.  of  the  Divifor  out 
of  the  Log.  of  the  Dividend ;  and  changing  the  Sign 
of  the  Index  of  the  Divifor^  add  them  together;  fo 
iOiall  the  Snm  be  the  Index  of  the  Quotient^  vibich 
muft  be  of  the  fame  Kind  with  the  Index  of  ihc  Di^ 

vidend. 

Note,  If  you  borrow,  pay  it  agam  to  the  Index  of 
die  IXvifor  affirmatively. 


Divide 

By 


Example    L 

Logarithmsu 

— ^  •I44=:u'i58362 

— .   ■         12=  I'oypiSi 

Quotient,        -012=:  •2-079 1 81 


Example    II. 


Divide 
By 


64=5  i'8o6i8o 
•08  =  •2*903090 


Quotient,        800=  2*903090 


Example    III. 


By 


•64  =  *i'8o6i8o 
800=  2"'903d9o 


^otlent, 
H 


'0008  =  •4*903090 

P  R  O  B. 
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t 

To  work  Exampies\ik  t^c  Rule  of  Tbreem . 

/Rule.  . 

»  Subtfaft  the  1x3^.  of  tjie  J&rft  Term  in  the  Analogy 
from  the  Sum  of  the  Logs,  of « the  other;  two,  or .  add 
the  Complement  ArJthmetv  Of  the  Lpg,  of  the  fiFft 
Term  to  the  Sum  of  the  Logs,  of  the  fecoad  and 
ihird;  the  Remainder  .in:  the  firft  Cafe,  or  the  Sum  in 
the  latter,  (one  in  the  ten's  Place  of  the  Index  of  the 
Sum  being  abated  for  each  Comp.)  is  the  Log.  of  the 
fourth  Term  or  Anfwer.  . 

Example. 

If  eight  Yards  of  Qoth  coft  i/.  4  ^.  what  will  ^6 
.Yards  coft  ? — Anfw.  14  /.  8  /. 


Or  thus  : 

Comp.  Log.  8  is  9*096910 
The  Log.  1*2  0*0791 8 1 
TheLog,96      1*982271 


Log.  of  -8  is       0*903990 

Log.  of  1*2     .  0*079181 
Log. of  96        1-982271 

Log.  of  1  i$*2     2*061452 
Log.  of  14*4      i'i58362  I  The  Log.  i4%4    1*158362 
After  the  fame  Mqthod  may  all  Queftions  belonging 
the  Rule  of  ThreC'4)C  folv'd. 

r 

P  R  O  B.     XL 

•  •    • 

To  find  mean  Proporttonah  between  any  two  Numbers- 

R  U  L  E4 

Divide  the  Difference  of  the  Logs,  of  the  greateft 

and 
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aid Icaft  Terms  by  a  Number  more  by.onc  than  the 
Number  of  Means  required;  then  to  the  Log.,  of  the 
leaft  Term,  or  from  the  Log.  of  the  grciteft,  add  or 
fabtrad  the  Quotient. continually,  the  Sums  .or  Re- 
mainders will  be  the  Logs,  of  the  Proportionals  re* 
^ired. 

Example   L 

Let  four  mean  ft-oportionals  be  fought  between  108 

and  80. 
Log.  rf  108         ^ —  2-033424 

Log.  of  80 1*90399?  ^ 

Diyide  by  5)0-1 303 34(o"02  6o66*8 

Log.  of  the  leaft  Term  80  1-9030^0 , 

Log.  of  the  firft  Mean  84- 948  1-9  2  9 1 5  6- 8 

Log.  of  the  fecond  90-203  lySS^^y^ 

Log,  of  the  third  9S783  i-98i29o-4 

Log.  of  th^  fourth  10170  .   ,  2-007357-2 

Log.  of  the  grcateft  Term  108     ;   •  2-033424 
Wherefore  the  Proportionals  found,  are  as  80: 8494  8 

: :  90-203  :  95-783 '  •  101-7  :  108. 

E  X  A  M  P  L   E      n. 

Required  eight  mean  Proporti(mals  between  i^  and 

$4. 

Log.  of  84         — r--   .  1-924279 

Log.  of  16       . .   1-204120 

Divide  by  9)0-7  20159 

0-08001 7'6 
H  2  Log. 


s« 


Loo&RITHXICi.!. 


Boiofcn. 


Log.  of  the  greateft  Term 

84 

VsiHit9 

Log.  of  the  eighth  Mean 

69'865: 

1*844261*4 

Log.  of  the  feyenth  . 

58-109 

1*764243*8 

Log.  of  the  fixth 

48*33 1 

1*684^^6*9 

Log.  of  the  fifth 

40-198 

1*6042^8*6 

Log.  of  the  fourth 

3  3*434 

1-524191*0 

Log.  of  the  third 

27808 

1-4441 73*4 

Log.  of  the  fecoDd 

33U28 

r364i55-8 

Log.  of  the  firft 

19-237 

r284i38-si 

Log.  of  the  kaft  Term 

1^ 

'  1-204120 

The  Series  therefore  is  this : 

16.  i9'237. 23*128, 27-808.  33'434'4o'^98.48-^3r, 
58-109,  69-865,  84, 


Pro  b.  XII.  .  .  '    / 

1!q find  the  Logarithm  (fa  Vulgar  Fraifjon^ 

•      > 

R  U  L  £   X 

From  the  Logiarithm  of .  the  Numerator  take  the 
Logarithm  of  the  Deuominator )  the  Remainder  is  tho 
Log.  of  the  Fraftion,       ♦ 

X)r  thus : 

AdH  the  Lo^.  of  the  Numerator  to  the  Comple* 
menr  Arithmetical  of  the  Log.  of  the  Denominator  j 
the  Sum  is  the  Log.  of  the  Fraftipn, 


What  is  the  Log.  of  Ac  Frf  flion  ^  ? 

From  the  Log.  Nametator  j  s=  0*47  71 2 1 

.   Subtrad  the  Log.  Dcnomioator  4  c:  0*602060 

There  remains  the  Log.  of  ^  =  75      p;*i*875o6i 

Or  thus: 

T*  the  Comp.  Arith.  Log.  Dcnom.    4  =s  9*397940 
Add  the  Lo;^.  of  the  Numerator        3  =  6*477^1 21 

The  Sum  is  the  Log.  of  the  Fraft.  i    =  •  r 875061 

ExampleII. 
\niat  is  the  Lqg.  of  the  Frafiion  ^f  ? 

From  the  Log.  of  the  Numerator    ^6sz  1*556302 
Submid  the  Logr.  of  the  Denom.    .z<  :^  1*176091 


Remainder  is  the  Log.  of  |f  =7  2y        b  0-3802 1 1 

Or  thus: 

To  the  Log.  Numerator  36  =:  1*556302 

Add  the  Comp.  Arith.  Log.  Denom.  15  s  8*82  3909 

Sum  is  the  Log.  of  ^f  :s  27  pb  9*^802 il 

B7  this  it  appears,  that  the  Index  of  the  Log.  of 
an  imprc^r  Fraction  is  aflinnatiye^  as  that  of  a  proper 
tme  n^ative.  -  . 

R  y  L£   IL 


Redbce  irix'd  Fcafiioos  to  improper  o»C8»  Md  then 

proceed  as  before. 

^  Ex- 


54  LoQARiTHMicAL  BdckVL 

4 

vE  X  A  M  P  L  E. 

What  is  the  Log.  of  1 2i  (=  i^')  ? 

From  the  Log.  Numerator    "  '       loi  =  2-004^2 1 
Subtract  the  Log.  Denominator  8  =  0*929419 

Differ,  is  the  Log.  of  i2t  =  i'074902 

NotCf  If  the  mix'd  Fra^n  confifts  of  large  Nam* 
bcrs,  it  may  moft  eafily  be  reduced  by  the  Logarithms, 
by  the  following  * 

Rule., 

To  the  Log.  of  the  Integoil.  P4rt  add  the  Log.  of 
the  Denominator  of  the  Fraftional  Part j  to  the  Nun\ber 
belonging  the  Sum  of  the  Logs,  add  the  Numerator 
of  the  FrajHonal  Part,  and  the  Sum  h  the  Numerator 
of  the  Frl&iqn.    .  '...»,.  ; 

a  .... 

'  "'  Ex  A  m'  P  L  B. 

Reduce  4345  7^  to  a  Fraftten. 

To  the  Log.  of  the  Integral  Part  4345  =  3*^3 1990 
JWd  theiiOg.  of  the  Denoin.       *  684  =  2*83^65 6 

/    Sum  is  ^he  Log.  of        2971980         =  $'\^iq^6 
Numerator  add 43 


a. 


Sum  ■  2972023  =  the  new  N^/. 

merator;  therefore  4345  ^  ^^^^IgM.  In  likeMiiit  ' 

ner  i^y  aay  other  joii^d  Nmbber  be  reduced  to  an 

equivalent  Fraftion.  *         '  ' 

Prob, 
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P  R  o  B.    XIII. 
To  multiply  Vulgar  FraSlions. 

Rule    L 

Add  the  Log?,  of  the  Numerators  together,  for  the 
Log.  of  a  Dcw  Numcraipr,  apd  the  ILiOgs.  :§f  ^  th<  JDc- 
mmioators  for  the  Log.  of  a  new  Denomiaator. 

£  X  AMPLE. 

What  is  the  Produft  of  ^  by  |  ? 

The  Log8.of^  the  Numerators     \^  \^^  \  t^^^ 
^  C     5  =  0*698970 

Sata  is  the  Log.  new  Numerator    1825=:  3*2612  63 

The  Logs,  of  the  Denominators '  H3j  =  2-639487 
*  C     0  =  .0*903090 

Sum  is  the  Log.  new  Deqomin.   3488  c=  4*5421.77 
Therefore  f^  x  |  =  i?||  as  required. 

.   R  u  L  ft    IL 

\.:  If  the  Produftof  feveral  Fradioos  be  required,  add 
the  Logs,  of  the  feveral  Numerators  and  the  Arith- 
metical Complements  of  the  Logs,  of  the  feveral  De- 
nominators together;  the  Sum  is  the  Log.  of  the 
PWud; 

Ex- 
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£  X  A  MPLS. 

What  is  the  Produft  of  |?  x  |^  x  ^.? 

84.   63.    4 

r68  =  1*832509 

The  Logs,  of  the  Numccatora       ^  34  =  i*53  ^479 

C  3  =  o'477i2i 

'  r84  =  8-07572 1 

^c  Arith.  (jompl.  Logs.  Denom.^  ($3  =  8*266<$6o 

C  4  r=  9-39794^ 

ProduaofJ?x|^x^=-^.=^2766=T5i543o^ 

84     63      4     2n68      -^  -^   •'^•' 

Pro  b.   XIV. 
To  divide  one  Vulgar  Fra^hn  by  another.  ; 

.    Rule*  v 

Add  the  Logarithm  of  the  Denominator  of  the  Di- 
vifor  tp  tiie  Lc^garithni'  of  the  Numerator  of  the 
.Dividend;  the  Sum  is^  the  Logarithm  of  a  new  Nu- 
OSi^rtfor :  'Alfo  the  Sam  of  the  Logarithms  of  the  blu* 
cicrator  of  Ac  Divifor  and  Denomiiiator  of  the  Divi- 
dend, is  the  Logarithm  of  the  new  Denominator. 

Ex  A  M  T  il  E. 

•'     What  is  the  Quotient  1^  by  ^^     " 

^  4382     ^  8 

Add  the  Logarithms  ^     ^  "^  0-845098 

TheSumistheLog.newDcnoHi.  30674  =  4'48.677o 

Add 


Se&  IL  A  s,  I  T  H  v  js  T  I  c.  57 

Add  the  Logarithms  5      ^  =  0-903090 

d  352  =  2-546543 

The  Sum  is  the  Log.  new  Numer.  2816^  3*449^3  i 

Or  thu9»  hy  BLuJe  2,  Fh)b.  12. 

The  Logarithms  S      8  =  0-903090 

I  352  =  2-546543 

The  Comp.  Arith.  Log*         i    J'^V^I.^^'l 


*     '       I         * 


ThcSumistheLog.-^  -^|=*09i8o4=:'2*962863 

?  R  o  B.     XV. 
fo  imcihe  Numbers ,  integrai  or  f rational,  toanyFoiver. 

Rule.  ^ 

Mahiply  the  Logarithm  of  the  Ntmber  by  the  In« 
dcx  of  the  Power  required ;  the  Product  is  the  Loga* 
rithm  of  the  Power. 

Example    L 

What  i$  the  Square  of  48  ? 

Multiply  the  Logarithm  of  48  ^  1*681^41 

By  the  Index  of  the  Potirer  2 

TheFlrod.MtheLog.oftheSqaare  2304s 3-362482 

i  Ex- 
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Example    II. 
What  is  the  Square  of  4*8  ? 

Multiply  the  Log,  of  4*8  =  0'68i24i 

By  the  Index  of  the  Power  2 

« 

TheProd.is  the  Log.  of  the  Square  23-04=  i*362482 

E  X  A  M   P  L   E      ni. 

What  is  the  Square  of  -48  ? 

Multiply  the  Log.  of  •48  =  *i*68i24i 

By  the  Index  of  the  Power  2 

The  Prod,  is  the  Log.  of  the  Square  •  2  3*04 ='i*36i482 

Example    IV. 

Required  the  feyeral  Powers  of  4  to  the  fixth  ? 

I*  Multiply  the  Log.  of  4=  O'i5o2o6o 


By 


TheProd.is  the  Log.  of  thc-Square  16=  1-204120  ^ 

2.  Multiply  the  Log.  of  4  =  0*602060 

By  3 

The  Prod,  is  the  Log.  of  the  Cube  64  =  i'8o6i  80 

3.  Multiply  the  Log.  of                   4  =  0*602060 
By  4 

The  Prod,  is  the  Log.,  Biquadratc  256  =.2-408240 

4.  Multiply  the  Log,,  of  4  =  0*602060 

By  —  5 

The  Prod,  is  the  Surfolid  1024  ==  3-010300 

5.  Multiply 
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5.  Multiply  the  Log.  of  4  =  0*602060 

By  «  ■  ■  ■       '  6 

The  Prod,  is  the  Cubo-cubc        4096  =  3*6x2360 

Example    V. 

« 
Required  the  i  Power  of  1 2  ? 

The  Log.  of  12  =  ro79i8i 

Multiplied  by  i 

The  Prod- is  the  Log.  of  i  Power  r  86 1 2  =  0269795 

Example    VI^ 
Required  the  tt  Power  of  16? 

The  Logarithm  of         16  =  I*2p4i20 

Multiplied  by  ^  tV 

The  Prod,  is  the  Log.  jV  Po^er  3-1748  =  0-5017^16 

Ex  AMPLE       VIL 

Required  the  6\  Power  of  3  ? 

The  Logarithm  of         3  -0-^77121 

Multiplied  by  ^r 

TheProd.istheLog.of6|Poweri5i6-3  =  3-x8o8o7 

Example    YELL 
What  is  the  :i  Power  of -0436  .^ 

The  Logarithm  of      -0436=: -2-639487 

Multiplied  by  ^ Jl 

ThcProd.isiiicLog.of  AeiPower-4s695  =t65-987i 

1 2  Note 
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NrtCf  When  the  Index  of  the  Lc)garithBi  is  negatif  e, 
dxtd  cannot  be  di?ided  by  a  given.  Number  withoiit  a 
Remamder,  a  new  Index  muft  be  afiumcd,  equal  to 
the  former,  which  will  admit  of  an  equal  Divifion  with- 
out any  Remainder :  As  in  the  laft  Example,  the  Index  *2 
(being  negative)  cannot  be  divided  by  4  without  a 
Remainder,  therefore  it  is  changed  to  '4  +  2  2:  '2,  and 
fo  the  Lqg.  will  be  (with  i^  new  Index  annexed  to  it) 
•4  +  2*639487,  which  divided  by  4,  quotes  the  Log. 
•i'65987i. 

Prob.    XVL 
To  extras  the  Root  of  any  Tower. 

Rule. 

Divide  the  Logarithm  of  the  Power  by  the  Index 
of  the  Root,  the  Quotient  ihall  be  the  Lo|.  of  the 
Root  required. 

Example    L 
What  is  the  Square  Root  of  2304  f 

Divide  the  Logarithm  of             2304  =s  3*362482 
By  the  Index  of  the  Root     '    2 

TheQuotient  is  the  Log.  of  the  Root  48  r;  1-68 1241 

Example  IL 
What  is  the  Cube  Root  of  64  ?    ' 

Divide  the  Log.  of         • 64  =5  f'SofiiSo 

By  the  Index  of  the  Root         -~a*        3 

The  Qjiot,  is  the  L03.  Root  4  =;  0*602066 


So6t  n.  A  n  I  T  R  M  jc  T  I  c>  6t 

E  3t  A  MP  L  E      HI.  . 

What  is  the  :t  Root  of  the  Power  v86t2^  &c? 

The  Log.  of  v86i2  =  o'2<9795 

Which  divided  by  the  Index  of  Root         ^ 


The  Quot.  is  the  Log,  of  the  ^  Root  12  =  voj^iBi 

Example     IV* 

What  is  the  6}  Root  of  1 5 16*3,  &c.  ? 

The  Log-  of        I5i6'3,  &c.  =  3*180807 

Which  divided  by  the  Index  (tji 


The  Quot  is  the  Log,  of  the  6|  Root  3  =  0*4771 2 1 

Example    V. 

What  is  the  i  Root  of  '45695,  ice  i 

The  Log.  of      •45695*  &c.  =  t65987I 

Which  divided  by  the  Index  .  i 


TheQuot.  is  thelipg.of  the.^  Root '043655  •2*639487 


s  e  c  T.  ra. 

The  CoNSTHUCTION  Hm/  Us£  of /!^  LoGISTlCAL 

•  *        •  _ 

Logarithms. 


-1  ■  ■ '  ■ » 


THE  Lqgiftical  Logarithms  were  firil  of  all  in- 
vented by  Mr  Jtremab  Sbakerfy,  as  rxAf  bfe 
icen  ia  bis  TabuU  BritanniUi  and  afterwards  im* 

proved 


/ 
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proved  by  Mr  ^mas  Street,  who  in  his  Afironcmta 
Carolina  hath  compiled  a  mach  more  convenient  Form 
of  Logiftical  Logarithms  than  thofe  of  Shakerly. 

Thefe  Sort  of  Logarithms  are  principally  ufed  in 
Agronomical  Calculations,  in  working  Proportions  of 
Degrees,  Minutes,  and  Seconds,  but  more  efpecially 
of  Minutes  and  Seconds.  They  may  be  alfo  applied 
to  finding  the  Proportional  Parts  of  the  Logarithms  of 
Artificial  Smes^  Tangents,  and  Secants. 

P  R  o  B.    XVIL 

TTofind  the  Logifiical  Logarithm  for  any  Number  of  He* 
^rees,  ^nutes  and  Seconds,  in  Shakerly  V  Form. 

Rule. 

From  the  Logarithm  of  the  given  Degrees,  Minutes, 
and  Seconds,  (reduced  to  Seconds)  fubtrad^  the  conftant 
Logarithm  3*556302  (=  Log.  of  i*  or  60'  or  3600^); 
the  RemaiiKler  will  be  the  Logiftical  Logarithm  of 
thofe  Degrees,  Min.  &c 

The  Reafon  of  the  above  Rule  is  eafily  accounted 
for:  For  fuppofing  any  Proportion,  as  60'  :  4^  —  45^ 

:  :  44^  -w  23'^  •  3^  —  30^  ^;  now  reducing  thefe  to 

Seconds,  it  will  be  as  3600'  :  285'  :  :  2663' :  210^ 

5?? ;  wherefore  it  is  evident  that  thefe  Proportions  may 

be  wrought  by  the  common  Logarithms,  by  fubtraft^ 
ing  the  Log,  of  the  firft  Term  from  the  Sum  of  the 
L^.  of  the  fecond  and  third,  the  Remainder  h*  the 

Log. 
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Log.  of  the  fourth  Term ;  or  otherwife^  ufe  the  Q)in- 
plement  Arithmetical  of  the  firft  Term,  and  then  the 
Whole  may  be  added. 

Now  to  fhorten  the  Work,  let  the  following  Pro- 
portion, according  to  Shakerlyh  Form,  be  made  Ufe 
of,  which  by  the  Logarithms  is  thus  : 

As  the  Logarithm  of  3600^  =  3*556302 

To  the  Logarithm  of  285^  =  2*454845 

So  is  the  Log,  of  Radius  I'ooooo,  &c.  =  i  coooooo 

To  the  Log.  of  •079166,  &c  =  '8*898543 

By  the  Nature  of  Proportion  it  is  evident,  that  the 
two  lad  Terms  have  the  fame  Proportion  one  to  the 
other  as  the  two  firft,  and  Kkewife  the  fame  Proper- 
ties, and  confequently  will  in  every  Refpcft  where  Pro- 
poitioo  is  concerned,  equally  answer  the  fame  Purpofes 
as  the  two  firft ;  and  therefore  the  Logarithms  of  the 
two  laft  may  be  put  to  reprefent  the  Logarithips  of 
the  two  firft  Terms;  that  is,  the  Log.  of  Radius 
lo'oooooo  is  reputed  the  Logiftical  Logarithm  of 
3600^  (=  1*)  and  the  Log.  •8-898543  is  the  Logiftical 
Logarithm  of  285^  (=  4'  —  45 0.  And  therefore  it 
is  plain,  that  the  Logiftical  Logarithm  of  any  Number 
of  Degrees,  Minutes,  and  Seconds  may  be  found,  by 
fubtrafting  the  conftant  Log.  3'556302  (=  Log.  of  i  • 
in  Seconds)  from  the  Log.  of  the  given  Degrees,  Mi- 
nutes, and  Seconds  (reduc'd  to  Seconds);  the  Re- 
mainder will  be  the  Logiftical  Log.  thereof. 

Ex. 
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»  « 

Exampi^eL 

Required  the  Logiftical  Logarithm  of  53^  —  21^. 

From  the  Log.  of  53^  ^  21'  =  3201^ «=  35 0528^5 
Take  the  Log.  of  1  •  =  ^o'    =  3600^  =  3*55^302 

Rem.  is  theLogift.Lcg*  5  3/  — 12 1  ^  =  3  4  0 1  ^  9*9489  84 

E  X  A  M  P  L  E     IL 

Required  the  Logift.  Log.  of  3  *  —  i  o^ 

From  theLbg.  of  3*— 10''  — 0^=  11 400^ =4- 05  69  05 
Subt.  the  Log,  of  i  •  —  o'  —  0^  =  3600SX  3-556302 

i4r41 5"  - "'  -  °' = "'""' = """^^ 

After  this  Method  you  may  ^ly  fiod  the  Logifti- 
cal Log.  for  any  Degr.  Mia.  and  Sec.  in  Sbakerlyh 
Form,  and  it  is  thus  he  hath  compiled  his  Table. 

Thcfe  Logarithms  will  ferve  equally  as  well  in  the 
Calculation  of  Time  as  Motion,  as  60^  or  3  600^  aro 
equal  to  one  Hour,  as  well  as  one  Degree. 

,  Thefe  Logiiliqal  Logarithms  of  Mr  Shaierly  con- 
fiding of  a  great  many  Places  of  Figures  throughout 
the  whole  Table,  gave  Occafion  to  Mr  Street  to  con- 
triin;  a  much  more  convenient  and  compendious  Form 
of  thefe  Logarithms. 


•  * 


F  A  0  B. 


SeEL  HL  As.iTHitETZc«  6$ 

Pros.  XVIIt 

fofaui  the  Log\ftkal  Lpigaritbmfir  any  Numier  o/De^ 
greesj  MimtUs  qn4  Seconds,  in  Street'/  Form. 

Rule. 

Reduce  the  given  Degrees,  Minutes  and  Seconds 
into  Seconds ;  fubtra£l  the  common  Logarithm  of  thefe 
Seconds  from  the  conftanc  common  Logarithm  3*55  6302 
(toz.  the  1-og,  of  i*  or  3600^  the  Remainder  is  the 
Lo^^ical  Logarithm  required. 

The  Reaibn  of  this  Rule  is  eyidently  demonftrated 
diiis:  Suppofe  any  Proponion  in  Sexageiimal  Numben^ 
as  that  before  made  Ufe  of  in  the  laft  P^b.  viz.  as 

3600^  :  2^$'  :  :  2663^:  210^^,  and  according  to 

IAt  Streefs  Method,  let  the  two  firft  Terms  of  the 
Analogy  be  inverted,  then  it  will  be  as  285^  :  3600^ 
:  :  Unity  :  a  fourth  Number,  whofe  Logarithm  is  the 
Logiflical  Logarithm  of  the  £rfl  Term  285^,  as  alfa 
is  the  Logarithm  of  Unity  the  Logiftical  Logarithm 
of  the  fecond  Term  3600^.  Sec  the  Work  at  large 
by  the  Logarithms. 

As  the  Log.  of  4^  45^  =  285'  =  2454845 
To  the  Log.  of  i  •  =  60^  =  3600^  =  3*556302 
So  is  the  Log.  of  Unity         ooooooo 

To  the  Logift.  Log.  of  4'  45'  =  285'  =  ficj»457 

K  From 
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From  the  above  Analogy  it  is  appirrcnt,  that  the  Lo- 
giftical  Logarithm  for  any  Number  of  Seconds  is  ob- 
tdined^  by  fobtrd^g  the  common  Logarithm  of  thofe 
Seconds  from  -  the  conftanc  -common-  Logarithm  of 
3  600^,  the  Remainder  is  the  Logiftical  Logarithm 
required  ^ 

But  if  the  Logiftical  Logarithm  lie  required  for  any. 
Number  of  Seconds  greater  than  3600^;.  then  fubtraA 
the  cotnmon  Logarithm  of  3  ^00^  from  the  common 
Logarithm  of  the  given  Seconds;  the  Remarader  is 
the  LogiHicat  Logarithm*  of  thofe  Seconds.  And  thus 
may  a  Table  of  thefe  Logiftical  Logarithms  be  <:on. 
tinned  to  any  Length ;  as  that  in  Vol.  2.  of  Mr  I^</- 
tetter*^  CojHplete  Sy/iem  ofAftronomy^  which  is  extended, 
to  2  Degrees;  or  120  Minutes. 

From  the  above  Analogy  may  be  difcovered,  that 
the  greater  the  Number  of  Seconds  is,  the  lefs  will 
be  its  Logiftical  Logarithm,  till  it  arrive  at  3600^,. 
whofe  Logiftical  Logarithm  will  be  nothing. 

E  X  A  M*  P  t  E    L 

•  *  •  ■• 

Required  the  Logiftical  Logarithm  of  53'  2 1^ 

.  From  the  Logarithm  of  3^00^  =  3.'556302 

.  Subtraa  the  Log.  of    53^  21^  =  3201  =  3*5P5.286 

Remains  Logift  Log.  of  53^  a i^  =:  3201^  =     51016 
*    '  Ex- 


I 

Exam  p  l  e     11/    '    ' 

•         •  • 

Required  the  Logiftical  Logarithm , of  104'  ^^. 

From  the  Log,  of    104^  56^  =  ^5276^  =2  3797^83 
T^e  the  cdoftant  Log*  of  3606  =  3*55  63 oi 

Remains  |hie  Logift.  Log.  of  1 04^  36^'=    .;2  4 1 3  8 1 

^^^ofe*,  la  forming  theTe  Logarithms  it  is  tx>.  be  ob« 
ferred^  that  the  Indeic  is  oerer  fepaiatod  Groin  .the  Lor 
ganthm  by  a  Pioint,  asis.the  Cajfe  in  the  cpmmop  Lo^ 
ganthms,  but  the  Whole  ^th  lodexiand!  Logarithm) 
is  accounted  as  one  conjplete  Xjo^(tis;di.Jx>gSLrtihm. 
Alfo  in  Tables  of  thefe  Sorc,of  tx)j5»nti)in^;j^t^^^  Placgs 
rf  Figij^rcs  ariJ  cut  off  on  the  right  Hapd  of  the  JLf^gar 
jithois,  theoAer  being  fu^cient  for,  any:i^rp(^c  r^ 
fating  thereto.  ,         /.  tj^.ui :.:./ 

The  Table  of  Logiftical  Logarithms  inferted  at  the 
End  of  the  Tables  of  Logarithmic  Sines^and-TangOQts, 
I  have  continued  to  60^  or  1%  that  being  fufficient 
for  any  Purpofe  thereof. 

As  totjie  Form  of  Ae  table,  that  is'  v?ry  dafy  to 
tindcrftand,  being  conftrufled  upoh  the  fame  Model  with 
chat  of  the  Sines  and  Tangents.  :  The  JJriL  Column 
contains  Degrees  or  MmutcSi  or  Minptcis.a?d,.Sccpnds 
by  Way  of  Ten$,  having  the  nine  Digits  running  along 
in  a  Column  on  the  Top,  under  which,  in  the  feveral 
Colimms,  are  the  Logiftical  Logarithms  abbreviated. 
The  Jaft  Column  contains  the  Numbers  of  the  firfl: 
reduced  to  Minutes  or  Seconds,  which  are  to  "b^/f bni^ 

K  2  pleated 
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pleated  by  the  Digits  on  the  Top  of  the  Table;  and 
which  are  to  be  referred  to,  in  finding  the  Logiflical 
Logarithm  for  any  Integral  Number. 

This  Table  will  likewife  ferve  in  the  Qxoputation 
of  Time  as  well  as  Motion,  b^  Meins  of  the  Tabic 
at  the  End  thereof,  which  giyes  by  Infpeftion  the 
Hours  and  Minutes  correfponding  to  any  l^alrt^  of  Mo- 
tion, and  Tice  Ycria.  Thus  agaiqft  1 2  Min.  in  .Time 
is  30  Min.  in  Motion;  againft  ^i^  23"^  in  Time. is  id* 
co^  +  o^  58'  =3  la'  58^  in  Motion ;  aUb  agaiofl:  55* 
43^  in  Motion  22^+  17'  s?  2 a^  17^  in  Tihie^  fed. 

The  Method  of  conftroamg  Lo^iftical  Logarithms 
being  plainly  and  clearly  demonftratod,  it  remains  now 
to  ftiew  their  Ufe  in  Prafticat  Aftronomy,  in  which 
tfaey  are  chiefly  conceraed.  The  ifolIo^K^  Ejflfiiiplds 
will  make  all  plain; 

'  Ex  A  M  I»  L  E      HL         • 

•Suppdfe  the  Sun^s  mean  Anomaly  be  5Mo*  33^  and 
46^;  what  is  the  true  Equation  ^nd  Logarithm  of  hia 
Diftance  from  the  Earth  ?       . 

McmA-Cs*  loOEqiw-Co-  40/  347^K^93055 
nomaEcs^5   11  )  tion$(,o   .^8  37  5gar.j^4-ji930oj> 

Pifieren.   o     i  =  60^  i   57  46 

Then  for  the  Proportional  Parts  of  the  Equation : 
As  One  Degree,  or       — —         60^  60^  ==         o 

Is  to  the  Diff  Equat        -: t    57  =14881 

S9  is  the  Anomaly        ■*        33  46=    2497 

Ta  the  Proportional  Pare  i     6  =517378 

Then 


1 


Then  o*  4c/  34^  —  i^  6'  (bccaufe  the  Equation 
n  dccrcafing)  =  ct  3^^  28^  =  the  true  Equation  re- 
quni»L 

Then  for  the  rroportional  Part  of  the  Logarithm, 
it  wiD  be 

As  one  Degree,  or        »        6(/  00^  =         a 

To  Differ.  Logarithms        •- — »         46  =  X8935 
So  is  the  Anom.        33  46  =    2497 

To  the  Proportional  Part    - — —     .  26  s2X43« 

Then  4*993053  —  26  (becaufe  the  Logarithm  is 
decreaCng)  =  4*993027  ==  the  true  Logarithm  of  the 
Son's  Difbmce  from  the  Eanh,  as. required 

The  Ufe  of  thefe  Logarithi&s  might  fae  further 
ihewn,  ifk  workmg  Proportions  relating  to  oth^r  Par- 
dcobrs  in  Praffical  Ac ithmetic ;  but  aS;  thefe  are  foreign 
to  our  prefent  Purpofe,  I  ihall  pafs  them  by,  and  pro- 
ceed to  apply  the  Loglftical  Logarithms  to  the  finding 
die  common  Logarithms  of  fuch  Ktimbers  as  exceed 
the  Verge  of  the  Tables,  a^  alfo  the  Logarithmic  Sine, 
Tangent,  &c  for  any  Number  of  Degrees,  Mmutes, 
Seconds,  &c  and  Tice  terfa* 

Ex  A  MP  Li     IV*      ' 

.    .         .      '        •  » 

•   .   " 

Ueqmred  the  common  Loganthm  of  6^^9'}6^. 
Diier.  looo  <7 
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As  Difief.  Numbers        - — ^  i  ooo  =    55  6^ 

To  Differ.  Logarithms        — -^  67  =  j 7302 

So  Number        ■               -^-r*—  '  7^4=    ^73? 

.  •  ■     24034 


To  the  Froponional  Part  51?=    18471 

Then  6-808752  +  51  .=  6-8o88©2  =  jhe  .compjeto 
Log.  of  6438764,  as  required,        , 


*     •  I 


E  X  iL  MP  J-B      V.  •  .  , 

Required  the  corrcfpcndent  Number  to  th^  common 
^Logarithm  6*8o&8o2. ;  :  ;.    •;  :  .; 

-    Given  Log.  * r*        *    -r 6*808802 

Log.  next  lefs  is  of  6438000  =  6-808751 


-^-*- 


Differ.  of  the  Logs.        _"   :  ■  — r-    .      5j[ 

The  Log.  next  lefs  is  of.       6438000.=  6-8ojB75y 
The  Log.  oext  greater  is  of  6439000  =  6-80881 3 

Differences .         '  .:__''  jocx?  :^  '67 

Then  fayr  '       '  *  "  '       "* 

As  Diff.  leffer  and  greater  Logs  '  -  *      67  =  17302 
ToDiff,  their  correfpondent  Numb.  1000  =    5563 

So  Diff.  given  Log.  and  the  next  lefs  51  =    18471 

— p_- 

'  '  i  ,      24^34 

To- the  Proportional  Part  t.    i         764.^    6732 

Which 
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Which  being  annexed  to  the  four  Figures  6438 
before  found,  will  be  ==  6438764  =:  the  true  Number 
bdoogiog  the  given  li>g^rithin. 

»  •  r 

Example.   VI. 
Required  the  Log.  Sine  of  24*  48'  5 1^  43 ^ 

Sine  of  \  ^^-  ^8'?  Logarithms  S^f^^^^ 
CM49  5       ^  ^9-622956 

Diflfcr.       o      I  =  60'  2  74 

»  • 

Then  to  find  the  Proportional  Part  of  the  Log.  for 

Ac  51'  43^,' it  will  be  by  the  Logift.  Logarithms, 

As  I  Minute,  or         60^  00''^  =  o 

•  To  Differ,  of  the  Logarithms  274  =11 186 

So  is        51"^  43^=      ^45 

To  the  Propor.  Part  of  the  Log.        ^36=  11831 

Then  9-62  2  682  +  2.3  6  =  9*62 29 1 8  =  the  Log.  Sine 
of  24*  48^  51^43^*   • 

Example    VII, 

Given  the  Log.  Sine  9-622918,  to  find  the  Arc. 

The  givcin  Log.  Sine  is  9*62  2918 

The  Log.  Sine  next  lefs  is  of  24*  48'  =r  9*622682 

Difference  236 

m 

Next  greater  Log,  Sine  is  of   24*  49^  =  9*622956 

Difference  greater  and  lefs  Logs,  o    i  =  60^     1 74 

Then 
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Thca 

As  Diff.  greater  and  lefs  Logs.  27.4  -  1 1 186 

To  I  Minute,  or  .         - — ^  60^  =         o 

So  Diflf.  given  Log.  and  the  next  lefs  236=11831 

To  the  Proportional  Part   51^43'=;      645 

Which  added  to  24*  48'  (firft  found)  the  Sum  24*' 
48'  51'  43^  is  the  Quantity  of  the  Arc. 


S  E  C  T.    IV. 

DuoDECiMAX.  AKiTHhizr le,  ptrfiinned Nuntiricalfy 

and  Logaritbmicaliy. 


Prob.   XIX. 
To  multiply  'Duodecimal  Numbers  together^ 

R  u  L  £  L 

FEET  multiplied  by  Feet  give  Feet. 
Feet  multiplied  by  Inches  give  Inches. 
Feet  multiplied  by  Seconds  give  Seconds. 
}nches  multiplied  by  Inches  give  Seconds. 
Inches  mulriplied  by  Seconds  give  Thirds. 
«  Seconds  multiplied  by  Seconds  give  Fourths^  &c 

Note,  To  work  Examples  of  this  Kind  by  the  Loga* 
rithms,  it  is  neceflary  to  reduce  Numbers  of  lower  Dc- 
notninations  than  Fseti  to  the  Decimal  Part  thereof;  and 

•>    '       -  therefore 


Mpiy. 


Akithmsti 


n 


therefore  to  avoid  the  Trouble  of  reducing,  I  have 
fobjoined  the  following  Table,  which  gives  by  Infpec-" 
tioQ  the  Dedmai  of  any  Number  of  Primes^  Seconds, 
and  Thirds,  a  Foot  being  the  Integer. 

The  Duodecimal  Tabic. 


Puode- 

Decimal  Parts. 

dmalst 

Primes  ^ 

Seconds' 

Thirds^ 

I 

•083333- 

•006944 

•c5oc3578 

2 

•I  666x56 

-013888 

•001157 

3    'I'^S 

•020833 

•001736 

4      '333333 

•027777 

•002314 

5     i-4i66d6 

•034724 

•002893 

6      -5 

'041 666 

•003472 

7     i-583333 

•04861 1 

•00405 1 

8      ,  '666666 

•055555 

.•064629 

9      i'75 

-0625 

•005208 

10       -833333 

•069444 

•005787 

II    -    '916666 

•076388 

'006365 

Example    L 

Multiply  7^  5'  by  4*  6'  /      8^  3/  by  6*  8'. 

.  I.  Numerically. 

7^5'                8^3/ 

46                 6  8 

29  8               49  6 

386'           56 

33  4  6 


55  o 


2.  Lo- 
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2.  Logarithmically^ 

Add  ^  '^^^  ^'  ^  7^5^  =^  7Mx6^  =  0-876205 
C  TheLog.  of  4  (J  tJ=4'5        =  6-655412 

The  Sum  is-  the  Log.  of        33*3  75    =  i '5  2  34 17 

The  Log.  of 8^3.'  =  8-25  -   =  c*9i6454 

The  L6g.  of  6  8    =r  6-666^  =  0-823904 

The  Sum  is  the  Log.  of  ^^     '■  =  1740358 


•  i 


£  X  A  M  P  L  E     IT. 

Multipljr  la^.ii'  3' 5'^  by  5' 7' 4'  8?. 

t.'^JumericaIIJ^'       '_ 

lo*  n',3'  5^^  .;• 

5     7  4  8   •  • 


54     8   5    I 

<    4   6 II  ii'^ 

3   7   9  1    8* 

7   3  <^   3   4* 


6x     531      6  1 1  4* 

t 

2.  Logarithmically. 

The  Log.  of  10^  11^  3^  5/^  =:  10*940  =  1*039017 
The  Log.  of     5748    =5-6157  =  0749404 


The  Sum  is  the  Log.  of  ^^-435  =  1-788421 

Note, 
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Note,  If  the  Number  of  Feet  in  one  or  both  of  the 
Fafiors  happen  to  be  large-^  inftead  of  multiplying  by 
the  Inches,  Seconds,  &c.  take  Parts  and  work  there- 
vith,  as  in  the  Rule  of  Pra^e. 

-  • 

E  X  A  M  p  L  6  .  in,  ly. 

Muliplj  68^4^  /  84'    f 

By  46  9  58  10 


"  ■>   ^ 


3128  o  4.872  p 

4  is  y       15  4  <J  is  Y    .  29  a 

6 — ^       34  2  .      I — T       4  16 

3  — i       17  1  <5— J     42  ?  6 


3^94  7 


4  —  I      28     2  4 
■»■■  ■■■  f  •  i..i  ■■ 

497<5  3  "to 


'    *        Logarithmically. 

The  Log.  of     • :       ^^4'  ='68-333  =  vS^j^6^o 
The  Log.  of  46  9  ^4675    =  1-669782 


i  I    I  I  I  ■■ 


The  Smi  is  tkc  Leg.  of      3194^5.8   =  3*5044^2 

The  Log.  of  84'   7/  =c  84-583  =  1-927283 

The  Log.  of  58  io=58-833  =  i-769^9i 

The  Sum  is  the  Log.  of        497.^'33  =  3-^696904 

L  8  Ryx-K 
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Rule    IT. 

If  Yards  be  introduced  into  the  Queftion,  the 
Work  is  the  fame  as  before,  only  when  you  are  work- 
ing with  the  Yards  and  Feet  you  muft  have  Refpcft 
to  Threes  inftead  of  Twelves,  becaufe  three  Feet  are 
(in  this  Refpe£t}  to  be  reckoned  equal  to  one  Yard. 

Example    V,   VI. 

Mukiply  37  2'   4'  437  1^  8^  ' 

By  213  625 


■ri 


7    I     8  261   I  o 

I  is  T    10    94^       I  is  I   14  I  6  8' 
3  —  i    p  o  n   4        I  —  j  14  I  6  8 

9048.   1—^     I  o  7  <5  8 

296  I  2  I  4 

Logarithpiically. 

The  Log,  of  ^r  2^4^  =  37777  =  0*577227 

TheLog,  of       -215  3  2*4166=:  0*383205 

The  Sum  is  the  Log.  of  9*1292  =  0*960432 

The  Log.  of  43r  l^8^  =  43'5^5  =  1-639038 

The  Log!  of'  625=  6*8055  =  0-832860 

The  Sum  is  the  Log.  of  996*41  =  2*471890 
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Exam  p  L  E    VII,  Vm. 


Multiply  ^6f  i'  & 
By           48  2  8 

4608  0  0 
I  is  -J^       16  0  0 
($—  i        80  0 

I  — T       Z2  0  6 
I  — 1      32  0  6 
4  — f      10  2  2 
4  —  -J      10  2  2 

647  2'  0' 
36  I  4 

2304  0  0 
2  is  J     24  0  0 

1—1       21    I    8 

4  —  f       7068' 

2356     228 

0 

4717    2   4 

Logarithmically. 

The  Log.  of  967  1^  6^  =  965      =  1*984527 

The  Log.  of  48  2  8  =  48-888  =  1-689202 

The  Sum  is  the  Log.  of        ^   47i7*7  =  3*673729 

The  Log.  of  d^y  2'  o^  =  64-66<5  =  1-810676 

The  Log.  of  36  I  4  =  36-444  =  1-561626 

The  Sum  is  the  Log.  of     2356-6,  &c.  =  3*372302 

P  H  O  B.    XX. 

To  dhide  duodecimal  Numbers  Qne  by  another. 

Rule. 

If  the  Dividend  and  Divifor  be  both  compound 
Numbers,  Divifion  is  moft  conveniently  performed  by 

the 
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the  Logarithms,  for  otherwife  the  Numbers  muft  be 
reduced  intotheir  leaft  Terras;  after  which  divide  as 
in  Divifion  of  lifnple  Integers :  But  if  the  Divifor.  be  a 
limple  Number,  then  divide  your  compound  Dividend 
thereby,  according  to  the  Method  of  Compound  Di- 
vifion of  Integers,    A  few  Examples  will  clear  up  ^11. 

E  X  A  M  P  L   £      I. 

What  is  the  <;^ote  of  46'  3/  8'  by  8^ 

1.  By  natutal  Numbers. 
8)46'  3'  8' 

■  ■       ' 

5956'  the  Quotient, 

2.  By  the  ix)garithms. 

From  the  Log.  of  46^  3^  8^  =  46-305  =  1-665628 
Subtraft  the  Log.  of  8         =0*903090 

Remains  the  Quote  57881  ;=  0762538 

£XAMPX.£IL 

Divide  14' 4^  7^  l>y  3V8'  |o^. 

By  the  Logarithms. 

From  the  Log.  of   14^4'  7^  =  14*333  =  i'iS^337 
Take  the  Log.  of     3  8  10  =  37361  =  o"5724i8 

Remainder  is  the*  Quotient    =.3*83<3  s=  0-583919 

E  X- 


fieft.IV, 


A  K  I  T  H  U  E  T  I  C. 


n 


Example    III. 
Yfhat  is  the  Quote  of  8'  3'  by  gf  &  4'. 

By  the  Logarithms. 

From  the  Log.  of        8^  3^  =  0-6875  =  'I'Sjyayg 
Subttafl  ^e Log.  of  3^  6'  4^  =  3*5277  =  0-547492 

Remains  the  Log.  Quote      0-019488  =  •2*289781 

Prob.   XXL 
To  involve  Duodecimals  to  any  Power. 

Rule. 

To  perform  this  by  natural  Numbers  is  a  Jtaoft 
Jaborious  and  troublefome  Piece  of  Work ;  I  ihall  there- 
fore omit  that,  and  proceed  to  Ihew  how  completely 
Duodecimals  may  be  involved  by  the  Logarithms,  and 
^hich  is  wholly  cfiefted  by  the  Rule  in  Prob.  15. 

Example   L 
Involve  8^  4'  6^  7''  to  the  Square  or  2d  Power. 


The  Log.  of  8^^  6^  7  ^       =  8-3790 
Multiplied  by  the  Index  of  the  Power 


0-923192 

2 


The  Produa  is  the  Log.  of 


70208  =  1-846384 

Ex- 
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Example    II. 

Involve  a^  3^  8^  5  ^^  to  the  Cube  or  third  Power. 

The  Log.  of  2^  tI ^^  5^       '=^  2-3084  =  0-36331 1 
Multiply  by  the  Index  of  the  Power  3 

TheProd.istheLog.of  theCubei2-3oi  =  1-089935 
Then  12-301  =  12^  3^  7^  4^-^  the  required  Cnbe. 

.   P  R  o  B.   XXII. 

^0  extraSl  the  Root  of  any  Power  of  a  Duodecimal. 

R  U  L  t. 

,  This  is  beft  performed  by  the  Logarithmsi,  according 
to  the  Rule  in  Prob.  1 6. 

E  X  A  MP  L  E       I. 

What  is  the  Square  Root"  of  70^  2'  5'  1 1  ^-^  —  ? 

The  Log.  of  70^  2^  5^  1 1 ''-  =:  70-208  =  r846384 
"Which  divide  by  the  Index  2 

The  Quote  is  the  Log.  of  the  Root  8- 379  =  0-923192 
Then  8-379  =  8^  4^  6'  7^  the  required  Root. 

Example    II. 
Required  the  Cube  Root  of  1 2^  3^  f  4  ^  — . 

The  Log.  of  12'  3''  7^  4^  —  =  12-301  =  ro89933 
"Which  divided  by  3 

The  Quote  is  the  Log,  of         2-3084  =  0-3633  n 

Then  2-3084  =^  2^  3'  8^  5'^  the  Root  fought- 

SECT. 


Scft.  V-  ARITHMETIC,  fl 


SECT.    V. 

^/Ikksukatiom  ^  SuP£&FICI£S« 


p  a  o  B.  xxm. 

T$  nuofure  a  Square. 

R  u  L  E     L 

MULTIPLY  the  Side  into  itfclf,  and  the  Pro^ 
.  daft  is  the  Area  of  the  fame  Name  with  the 
Dimenfioiis. 

Now  fuppofe  tf  =  5C  =  C2)  ^  5/  =  2)/.    Then 
ay^a  =  aazza^:iz  Area  D  BCDL    (Fig-.  29,) 

Example    L 

Stippoie  the  Side  of  a  Square  be  12  Feet  6  Inches^ 
required  the  Area  thereof. 

I.  Arithmetically. 

12-5  X  I2'5  =  1 5 6*25  =  the  Area, 

Or  thus : 

12'    & 
12      6 


156    3  =  the  Area  as  above. 

M  2.  Lq. 
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2.  Logarithmically. 

The  Log.  of  the  Side  1 2^  6*  1 2*5,  =  i  '09 69 1  o 

Multiply  by  •  ■     ■  2 

ThcProd.istbcLog.of  tbcArpa  156-25  ts.  2*193820 

3.  By  the  Sliding  Rule. 

ABA  B 

As  I  :  12-5  :  :  12*5  :  156-25  the  Area. 

R  U  L  E      IL 

I 

When  the  Area  fe  in  fquarc  Links,  to  bring  thcfc 
iDto  Acres  divide  them  by  100000  (=  the  fquarc  Lii)ks 
Sn  an  Acre)  which  is  only  cutting  off  5  Placesi  of 
Figures  on  the  left  Hand^  ^xl  the  remaining  Figures 
on  the  right  will  be  Acres,  aad  thofe  cut  off  Decimal 
Parts  of  an  Acre,  whofe  Value  find  by  multiplying  them 
by  4  and  40,  for  the  Roods  and  Poles. 

Or  thus,  which  is  better : 

When  the  Side  of  the  Square  is  gvren  tnXinks,  mul- 
tiply the  Double  of  the  Side  by  the  Side,  h  is  the 
Produd  the  double  Area,  m  which  make  a  Point  be- 
tween the  4th  and  5th,  and  5th  and  6th  Places  of 
Figures  from  the  right  Hand  towards  the  left ;  thea 
Half  the  Sum  cut  off  on  the  left  I&nd  of  the  lad  Point 
will  be  Acres,  and  the  Remainder  (if  any)  will  be 
two  Roods  or  Half  an  Acre;  then  obferye,.  if  the 
Figure  between  the  Pbints  be  5  or  above,  fubtrafi  ^ 
from  it,  yrhieh  muit  be  called  a  Rood  more^  and  the 

Re- 
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Rjemainder  (if  any)  multiply  by*  8  (taking  Care  to  carry 
to  the  Produft  the  Incrcafc  from  the  Figures  firft 
cat  off)  is  the  Poles.  Then  to  know  the  Value  of 
the  four  "Figures  firft  cut  off,  mukiply  them  by  8,  fo 
(hall  the  Produft  (the  Increafe  being  carried  forward, 
as  before  directed)  be  the  Decimal  Part  of  a  Pole. 

Note,    The  latter  Part  of  this  Rule  can  only  be 
applied^  when  the  firft  Product  or  double  Area  is  in 
fqoare   Links,   and  then  it  is  preferable  to  the  firft 
Method. 

Example    IX 

Sappofe  the  Side  of  a  fquare  Field  =  8  Chains  64 

Links  (=  8^4  Links) ;  how  many  Acres  are  contained 

thcrcm? 

T.  Arithmetically. 

864  X  864  =  74<$49tf>  which  properly  reduced  is  7 
Acresy  i  Rood, . 34*3 9 3  60  Poles,  according  to  the  firfi; 
Part  of  the  Rule. 

Then  864  X  2  x  864  =  1492992  Links,  which 

reduced  according  to  the  latter  Part  of  the  fame  Rul^ 

Drill  be  z  7  Acres,  i  Rood,  34*3936  Poles,  the  fame 

as  before. 

2*  Logarithmically, 

The  Log.  of  864  =  2'93  6$  14 

^Multiply  by  — ^ .  —  2 

Produft  is  the  Log.  of  746496  5-873028 

The  Log.  of  iQOOoa  fubcra&  5'oocooo 

Remains  the  Log.  of  7*46496  Acres         c'87302 8 

Ma  3*  By 
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f 

3-  By  the  Sliding  Rule. 

A       B  A        B 

As  19  '  8-(J4  :  :  8-64  :  7-46,  &c.  Acres. 

P  R  o  B.     XXIV. 
To  meqfure  a  P^trallflcgram. 

Rule     L 

Multiply  the  Length  and  Breadth  together,  and 
the  Pfodud  is  the  Area. 

Suppofe  ^  =  C2),  and  3  =  ©JB ;  then  tf  X  ^  =  ^2* ;^ 
the  Area  of  the  Parallelogram  C^EF.    (Fig.  30.) 

EXAMPI-E      I. 

Suppofc  a  Board  1 8  Feet  4  Inches  long  and  2  Feet 
8  Inches  broad ;  how  many  fquare  or  fuperficial  Fccf 
are  therein  ? 

1.  Arithmetically. 

J  8-3 3,  &c,  X  2-66,  &c.  =  487578  Feet  the  Area, 

Or  ihus : 
18^  4«  X  2^  8«  =  48*^  ici  £p  the  Area. 

2.  Logarithmically. 

The  Log.  of  1 83 3  =  z'2 63 i(J2 

The  Log.  of  -:-:-r  2^66  =  1*424882 

The  Sum  is  the  Log.  of  487578  =  2*688044 

Then  4875  7.9  =:  48'  io«  8|»  the  fapc  ?s  above. 

3.  % 
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3.  67  the  Sliding  Rule. 


6i 


iV        B  A         B 

As  \  :  18-33  :  :  2-66  ;  4875,  &c  the  Area, 

R  u  I,  E    n. 

Multiply  the  Length  in  Feet  by  the  Breadth  in 
Indies,  or  the  Breadth  in  Feet  by  rl^e  L^Dgth  ip  Inchesi 
the  ^roduA  divided  by  1 2  is  the  Area  in  Feet. 

£)  X  A  ^  P  If  £     IL 

Snppofe  a  Board  15  Feet  6  Inches  long;  and  9^ 
Inches  broad^  how  many  Feet  are  therein  ? 


I.  ArithmeticaUyt, 
'^'^^^'^^  =  1 1-948  4r  Feet  the  Area. 

13 

Or  thus : 
is'  &  X  o'  9*  3?  =  If'  I  i^p  6«  the  Area. 


t  - 


2.  Logfirithoucally. 

The  Log.  of  15  Feet,  6  Inches^  =  15-5  =  i'i90332 
The  Log.  of  9^  Inch^  =  9*25  =  0*966142 

TheComp.Arith.of  theLog.of  =:  12-0  =  8*92o8i9 

Sam  is  the  Log.  of  1 1*948  4-,  =  1*077293 

3.  By  the  SSiding  Rule. 

A       B  A        B 

^12;  15*5  •  \  J?*?5  :'»<-'94r&c.Fcct. 

Rule 
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R  U  L  E     ilL 

Multiply  the  Length  in  Inches  by  the  Breadth  la 
Inches,  and  divide  the  ProduA  by  144  for  Feet. 

Example    III. 

'  Suppofe  a  Window  68j  Inches  long,  and  38^  high,, 
how  many  Feet  of  Glafs  are  therein  ? 

I.  Arithmetically. 

144  xaS         ' 

3.  Logarithmically* 

CLog.  of  the  Length  68  J  =  ^ '835  691 

The  <Log.  of  the  Breadth  38^=  1:58263 1 

(Comp,  Arithmet.  of  144  =  7-841638 

The  Sum  is  theLog.of  theArea  =  18-^=  i'259^6o 

By  the  Sliding  Rule* 

A        B         A        B 

As  144  ;  68^  •  '  38:^ :  iS^nearly^  the  Area. 

P  E  0  B.     XXV, 

Tofnd  the  Length  or  Breadth  of  a  Parallelcgramf  hav^ 
ing  the  Area  and  Breadthy  or  the  Area  and  Length 
reffe6lively  given^ 

R  i;  L  E    I. 

The  Area  diyided  by  the  Breadth  gives  the  Length. 

Then 


V. 
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«» 


Then  fvipp<rfe  a?  s  the  Area,  b  s  the  Breadth,  and 
«  =r  the  Ijength ;  then  is  j  =  ^i  =='  the  Length. 

Ex  AMPLE      J. 

Suppofe  the  Breadth  of  a  Board  =  9^  Inches,  and 
the  Area  =  1 1*948,  &c.  fquare.  Feet;  required  the 
Length  in  Feet. 


I.  ArithmctiGally. 


t 


2,  Logarithmically. 

The  Log.  of  the  Area  =  1 1*948  =  1-077293 

ThcL,og.of  thcBreadth9^Incheg=77o83  =  •i*88696i 

Rem.  is  the  Log.  of  the  Length  =  I5'5  =  i*i90332 

3.  By  the  Sliding  Rule. 

A  B  A         B 

As  077,  &c.  :  I  :  :  11-948  :  15-5  the  Length. 

R  tr  L  E    ll. 

The  Quote  of  the  Area  by  the  Length  is  the  Breadth. 
For  put  X  =  the  Area,  a  =  the  Length,  and  b  = 

rfjc  Breadth ;  then  is  -  a:  *  =  the  Breadth. 

Ex- 
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Example     IL 

Suppofe  a  Field  ii  Chains,   46  Links  long,  what 
Breadth  muft  be  taken  to  make  2  j  Acres  ? 

I.  Arithmetical^. 

-^-~-^-  =  iiS'iK  Links.  =  2  Chains.  18*15  Links  ' 
1146  -#       .     '  '         ^ 

the  required. Breadth. 

2.  Logarithmically. 

The  Loe  of  J^^  ^^^^  "  ^^"^  =  i-39794^ 

^'     CiiCh.46Link8  =  ir46=  I'059l85 


■*a^ 


Remainder  is  the  Log.  of       =  2'i8i5  =  0-338755 

3.  By  the  Sliding  Rule* 

A       B        A        B 

As  n'46  :  I  :  :  ?5  :  2-18  — Chains  the  Breadth. 

P  R  O  B.     XXVI. 

To  meafure  a  Rhombus. 

k    u    z.    £• 

Mioltiply'  the  Length  of  one  of  its  Sides  by  the 
Perpendicular  let  fall  from  the  obtufe  Angle  upon  the 
oppofite  Side,  and  the  Produft  is  the  Area. 

For  making  BC  (=  CD  =  ©£  =  JE5)  =  /i,  and 
the  Perpendicular  5  J*  =  3;  thcnwillax*=  ab  =J 
theAreaofJSC2>-E.    (Fig.  if.) 
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Example* 

Snpjpofc  the.  Side  of  a  Rhombus  =;  12  Yards^  i 
Foot,  zad  .3  Inches^  and  the  perpendicular  Breadth  =5 
4  YardS|  2  Feet,  7  Inches,  how  many  Yards  are  therein  ? 

I.  Arithmetically. 

12  Yards,  i  Foot,  3  Inches,^b  t2'4t66,  &c.  Yards; 
aIfo4  Yards,  2  Feet,  7  Inches,  =  4-8^11,  &c.  Yards. 
Theo  I2'4i66  x  4-8611  =  60-35833426  Yards  the 
Area. 

Or  fhtis  5 
I2jr  1^  3'  X  ^t  2^  7'=  607  i^  o^  ii»  the  Area. 

^      2.  Logarithmically. 

The  Log.  of  J  "H^^:^   .         ='7„3/' 

^      C4'86ii  IS  =  0-686734 


•mmmmt^im^m^m^im^ 


Sam  is  the  Log.  of  ^o'35,&c.  Yds.     =1-780716 

3.  By  the  Sliding  Rule.  *' 

A       B  A  B 

A  I  :  12-416  :  ;  4-8611  :  60-35  Yards,  the  fame 

as  above. 

p  R  o  B.  xxvn. 

T^  mtafwre  a  Rhmboides,  er  an  oblifue-angled  TaraU 

Jclcgram. 

Rule. 

Afoltipty  one  of  its  longed  Sides  by  the  Pcrpendi- 

N  cular 
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calar  let  fall  from  one  of  the  obtufe  Angles,  and  the 
Produft  IS  ibe  Arc^  thereof. 

For  put  a  =  AB  (=  CTi)  atid  b  =  AE^  then  a  x 
*  =  a^  =  the  Area.    (Fig.  12.) 

Example. 

Given  t-he  longed  Side  of  a  Rhomboides  =14 
Chains,  35  Links,  and  the  perpendicular  Breadth  = 
6  Ch.  66  Links,  how  many  Acres  are  therein  I 

1.  Arithmetically. 

1435  X  666  ±:  9*557 1  Acres,  =  9  Acres,  2  Roods, 
9'  1 3  6  Poles,  =  the  Area. 

2.  Logarithmically. 

The  Lo&  of  J'4'35  Chains  =  1-156852 

^'      \  6*66  Chains  =0*823474 

The  Comp.  Arith,  Log*  10  Chains       =  9*000000 

The  Sum  is  the  Log.  of  9*5571  Acres  =5  0-980326 

.    3.  By  the  Sliding  Rule. 

A        B  A        B 

As  10  :  14*35  : :  6^66  :  9*55,  &c.  Acres. 

p  R  o  B.  xxvin. 

To  meafure  a  plain  Triangle. 

R  u  L  "fe    I, 

Multiply  Half  the  Bafc  by  the  whole  Perpendicular^ 
or  Half  the  Perpendicular  by  the  wliole  Bafe,  or 

multiply 
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multiply   the  Bafe  and  Perpendicular  together,   and 
take  Half  the  Produft ;  any  of  thdfc  will  be  the  Area. 

Put  a  z=z  AB  and  b  =  BC;  then  \axb^  \bxn 
=^-^^  =  —  =  Area  of  the  Triangle  AB  C.  (Fig.  5.) 


Example  I. 

Given  the  Bafe  of  a  Triangle  15  Feet  4  Inches, 
and  the  Perpendicular  =  8  Feet  1  o  Inches^  required 
the  Area. 

I,  Arithmetically. 
a  2  ^  2  -^  ^         2 

thp  Area  =  6^^  8^  8p  =  the  Area  of  the  Triangle. 

2.  Logarithmically. 

The  Lo^  of  J^^'^  ^^^  ^^^^      =  ^'^^  ^  0-884795 
^*      Cthe  Perpendic.     =  8-83  =  0-945961 

The  Sum  is  the  Log.  of  6t1  +  ==  1*83075$ 

3.  By  the  Sliding  Rule. 

A      B        A         B 

As  I  :  7*67  : :  8-83  :  677  nearly  =  the  Area  of 

the  Triangle. 

Rule 
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R  u  I.  E    n. 

From  the  Half-fum  of  the  three  Sides  fubtraft  each 
Side  feverally ;  the  Square  Root  of  the  Frodu£l  of  th£ 
Half-fum  and  three  Remainders  is  the  Area* 

Let  tf  =  ^B,  *  =  5C,  and  f  =  ^C.    (Fig.  6.) 

Then^^t^-^-^=iftRemamdcr;  l±i±f-6 

2  2 

=  2d  Remainder  J  and  ? — -if  —  ^r^  3d  Remainder, 

Tj        a  +  h  +  c  a+B+c       .  <f+3+c 

But!'  ■ a:x:     •         >  -r*:X:--^- ^:  X 

2.  2*2^2. ^2 

—  3  +  g  — tf  :  X  i  a  —  h  +  c  :X  :  a  +  h  —  f  ;  X  la  +  b  +  ct 
^'  2  X  2  X  2  X  2~^  16  * 

whofe  fquare  Root 

^  2X2X2X2=  16 

»  the  Area  of  the  Triangle  ^BC* 

£  X  A  M  !>  L  £      11. 

4 

\ 

Suppofe  one  Side  of  a  Triangle  =  460  Links,  jmo? 
ther  Side  =  648,  and  the  third  =;  850 ;  required  the 
Area  thereof  in  Acres* 

t.  Arithmetically. 


^^,60+6484:850^^^^^460+648+850,^8 


^ 


k&V, 


Of  SwPEiriciBs. 


n 


X  i^i±M±£|2  -  850  X 


460  +'648  +  856    ,    _ 

— ^-^— -•"— ^.^— — ^^— — •— ^.«— ™^    •    ^_( 

2 


/ ,  ^4g  +  850  —  4^  y^  4<o — <4g  +850  ^  4^0  +  648  —  850 
2  2  a 

^460  +  648  +  8^0  . 

^ 5 ?  =  \/:  519x331x129x979:  = 

4/  21695404599  =  147293  fquarc  Links  =  i  Acre, 
iRopd,  35,66880  Poles  ;bc  Area, 


The  Log. 


flf  the    1.3d 


2.  Logarithmically, 

^ift  Remainder       519  =  5»i9 
331  "3*31 


2d 


I^Half-fuin 


0715167 
0*5 19828 
0-110590 
0*990783 

2 

1-168184 

I*00O00O 


—  129  SS  I"29  : 

— -       979  =  979  : 

Sum  is  the  Log.  of  2 16*95404599  Ch, : 
Which  divide  by  — ^ 

The  Quotient  is  the  Log.  of  1 472  9  3  Ch^ 
The  Log.  of  I  o  fubtraft 

Remains  the  Log.  of  1-47293  Acrc$      =0-168184 

3.  By  the  Sliding  Rule, 
"A     B  A         B 

I  .-5-19  ::  3-31  :  17-1789 
kA\  :  17-17  :  :  1-29  :  22-1608 
^    A        D  A  D 

9-79  :  9'79  :  :  22-1608  :  14-729  Ch.  =  r4729 

.    Acres. 

Votcy  The  Refult  of  the  laft  Analogy  is  no  more 
ftan  a  mean  Proportion  between  22-1608  (the  Refult 

of 
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of  the  fecQiid  Analogy)  and  979  (the  Half-fum  of  the 
Sides).  But  Queftions  of  this  Kind  are  more  conveni* 
ently  folved  arithmetically  or  logarithmically^  than 
iaftrumentally. 

P  R   O  B.      XXIX. 

To  meafure  a  Trapezium^ 

Rule    I. 

Multiply  the  Diagonal  by  Half  the  Sam  of  the 
Perpendiculars^  and  the  Frodaft  i$  tbp  Area, 

For  putting  j  =  ©5,  3  =  ^E,  and  c  =  CF\  the» 

H  X  -^  =  — y^  =  the  Area,    (Fitj.  13.) . 

Example    I. 

» 

Suppofe  the  Diagonal  of  a  Trapezium  =  48,  the 
one  Perpendicular  =16  and  the  other  =  24*5, 
required  the  Area. 

f.  Arithmetically. 


il±i£i  X48  =  'l±f  4-Sj<.48  ^  ^72  the  Area. 

?.  Logariibniically. 

•  ri6jf_2£j  _  2^.^    _  1-306425 

The  Log.  of  <       2  J         5     *r  ^ 

CDiagonal  =48      =  f68t24i 

fheSumisthcLog.of  theArea=  9/2    =  2*987666 

3- By 


Sect V.  .    Of  Superficies,  ^$ 

3.  By  the  Sliding  Rule* 

iS.        B         A      B 
As  2  r  40-5  :  :  4&  :  97a  =t:  the  Area. 

R  u  L  E    11. 

When  the  Dimenfions  arc  in  Links^  mnhiply  the 
Diagonal  by  the  Sura  of  the  Perpendiculars,   fo  will 
the  Produft  be  the  double  Area,  which  reduce  by  the 
htter  Part  of  Rul^  2,  Prob,  2  3. 

Example     II. 

Given  the  Diagonal  =1260  Links,  the  one  Per- 
pendicular =  5  84,  arid  the  other  =  65  7 ;  how  many 
Acres  are  contained  therein  ? 

I.  Arithmetically^ 

584  +  657  X  1260  =  1563660  fquare  Links  the 
double  Area,  which  reduced  by  Rule  2,  Prob.  23,  is 
=  7  Acres,  3  Roods,  10*9280  Poles,  the  true  Area. 

Notey  The  Logarithmical  and  Inftrumenral  Perform- 
ance hereof,  being  the  fame  as  that  in  the  foregoing 
Kxample,  is  omitted  as  unneceffary. 

Prob.    XXX. 
^0  tneafun  an  irregular  Polygon^ 

R   i;    L    £. 

Reduce  the  Polygon  into  Triangles  or  Trapeziums, 
\?bofc  Area  find  by  the  Rules  in  Prob.  2  8,  29. 

If 


I 
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If  therefore  you  put  tf  =  the  Bafe  ^C^  *  =  the  a.  f 
BF,  c=^  the  Diagonal  ^'D^  ^f  =  the  a.  r  CG,  and  ^ 

=  the  J.  r  JE  if :  then  ^  x  -  =  — =3  the  Area  of  the 
A  ^BC.    Alfo  c  y,i±lsii±il  =  Area  of  the 

2  3 

Trapezium -rfC2>£;  then- +^^i±^'=s2i±^^±^ 
•^  '22  2 

?=  the  Area  of  the  Polygon  ^B  CD  E.    (Fig.  1 6.) 

Pros.    XXXI. 
To  meafure  a  regular  Tolygmu 

Rule     I. 

Multiply  the  Perimeter  (or  Sum  of  the  Sides)  by  the 
Perpendicular  let  fall  from  the  Center  of  the  Polygon 
to  the  Middle  of  one  of  its  Sides,  Half  the  Produft  is 
the  Area.  Or,  the  Produft  of  Half  the  Perimeter  by 
the  Perpendicular  let  fall  from  the  Center,  or  Half 
the  Perpendicular  by  the  whole  Perimeter,  either  of 
thcfc  will  be  the  Area. 

Now  fuppofe  a=^  BC  a  Side  of  an  Hexagon,  b  i;^ 
^2)   the  Perpendicular  let  fall  from  the  Center. 

(Fig.  5  6-) 
Then    ^^    =-^  =i  ^abzz  Area  of  the  Hexagon* 

Example    I. 

Suppofe  the  Side  of  a  regular  Hexagon  to  be  24: 

Yaxds^ 
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Yards,  ^nd  the  Perpendicular  let  fell  from  the  Center 
to  the  Middle  of  one  of  its  Sides  ^  x6^;  required  the 
Area. 

I.  Arithmetically. 
24X6X16J:  ^  ^^  ^  ^  ^  ^^^  ^  ^^gg  Yards,  the 
Area. 


s.  Logarithmically. 
The;  Log.  ofj'l^.^   ~  =72  =  i-8573|^ 

Ci6^ —      =  16-5=  1-217484 

ThcSumistheLog.oftheArea  =  ii88  =  3*074816 

3.  By  the  Sliding  Rule. 

'    A     B         A        B 

As  2  :  144  : :  167  :  1 188  Yards,  the  Area, 

When  the  Side  is  only  given,  the  Perpendicular  mufl: 
be  found  before  xhe  Arcn  can  be  obtained ;  now  if  wc 
fuppofe  the  Side  5Cof  a  regular  Hexagon  =1,  then 
in  the  right-angled  plaid  Triangle  J5  2>^  we  have 
BT>  (=  i  SC)  =  0-5  and  the  -^  5^2)  (=  t  -^ 
5 ^C at  the  Center)  =30*5  from  whence  the  Per- 
pendicular ^2)  (by  Cafe  3  of  rigb  tangled  plain  Tri- 
angles) is  found  =  0*8660254,  and  confequently  the 
.  Arte  pf  the  Hexagon  *wll1>e  =  2'598o7.  Thus  arc 
the  fevcral  Areas  calculated  in  the  following  Table* 

(Fig.  5<J.) 

O  Nam^ 


,8 


MENStr&ATION 


Bookn. 


Names  of  the 
Polygons. 


Trigon 

Square 

Pentagon 

Hexagon 

Heptagon 

Oftagon 

Nonagon 

Decagon 

Endecagon 

Dodecagon 


Number 

of 

Sides. 


Half  the 
/.  s  at  the 
Center. 


Areas,  the! 
Sides  being] 
Unity. 


3 

do*  oo' 

4 

5 
6 

45  oo 
36  00 
30  00 

7 
8 

25  42 
32  30 

9 

.  lO 

20  00 
-1.8  00 

II  - 

i\5  21 

12 

15  00 

•433015 

I'OOOOOO 

172047 
2*59807 

3-6340 

4-8284 

6-i8i8 
7-6941 
8-5142 
9-3301 


Multipliers 
tnm  d  to 
Diidfors. 


2-3094 

I'OOOO 

•5812 

•3849 

•2752 

•2071 
•1617 
*I299 
•1174 

•1071 


H  U  L   E      II, 

Multiply  the  Square  of  the  Side  by  the  tabular  AreJi 
belonging  the  Polygen,  or  divide  it  by  the  tabular  Dh 
vifor ;  the  Produft  or  Quotient  is  the  Area. 

Example    IL 

Suppofe  the  Side  of  a  regular  Oftagon  4a;  required 
the  Area. 

I.  ArithmeticdUy* 

40  X  40  X  4-6284  =  ^J?  =  7725'44>  the  Aret* 


2.  Logarithm 


2.  Logarithmically. 

The  Log.  of  the  Side       —       =  40  =  i*6o2©6o 
Multiply  by  2 

The  Prod,  is  the  Log.  of  the  a  Side  1600=3*2  04 120 
The  Log.  of  4-8284  (=thc  Tab.  Mul.)  =  0-683803 

The  Sum  is  the  Log.of  the  Area  7725-44=  3-887923 

3.  By  the  Sliding  Rule. 

D.     B.      D.     B. 
As  I  :  4-82  : :  40  :  7722*44  =  the  Area  as  above. 

P  R  o  B.   XXXIL 

ttmng  the  'Diameter  of  a  Circle  given  to  find  the  Pe^ 
nfbery\  or  the  Periphery  to  find  the  diameter. 

R  u  X  £    L 

Multiply  the  Diameter  by  3'i4i59,  or  divide  the 
Crcumference  by  3-14159 ;  the  Produft  in  t^e  former 
Cafe,  and  the  Quote  in  the  latter^  ivill  be  the  Circum^ 
ference  or  Diameter. 

"Put  </=s  the  Diameter  A  C,  and  c  =  the  Periphery 
ABC  1>.  Then  d  x  3'i4i59  =  3*i4i59  d  =: 
Pcripheiy.     (Fig.  57.) 

.   Alfo    ~ —  =  the  Diameter. 
.    3-14159 

£X AMPLE     L 


Suppofe  the  Diameter  of  a  Circle  b  20;   required 
die  Periphery.  i.  Aricb-? 


too  M  c  N  s  u  It  A  T  I  d  X   •         Bdok  II. 

I.  Arichmetically.. 

« 

3'i4i59  X  2a  p=  62*8318  the  Periphery.         .   . 

2.  Logarithmically. 

Tu  T        f  S  ^^^  Diameter         =  20  =  v^oio^o 
1  he  Log.  ot  I  ^^^  ^^j.p^  ^  3-14159  ==  0*497149 

The  Sum )S  the  Log.of  Periph.  62*8318  si  1798179 


<  ■* 


Alfo, 
The  Log.  C  Periphery  62*8318  =  1798 179 

of  the    c  Djvifor  3*^4i59  =  o"497 H9 

'       ■     i— ^— 1^— ^* 

Remains  the  Log.  of  the  Diameter  =  2 o  =•  1  -3 o  1 03 o 

3.  fiy  the  Sliding  Rule. 

ABA  B 

A    S  ^  *'  3"^4^59  -  '^20  •  ^^'8318  thePtriph. 
C  3*14^59  •  I  •  =  62*8318  ;  20  the  iDiameter. 

R  u  L  K  n. 

,  Multiply  the  Diameter  by  V  (=  37  =  37428 — y 
or  divide  by  /j  (=  0*3 1 8 1— ) ;  the  ProduQ  or  QuoticDt 
is  the  Periphery  or  Grcumference.    That  k  d  x  V 

a  — ^.=  3^rf  =  3-1428  d  =  the  Ptriphery.    Or  JL 

ai    -TT-  =  the  Periphery  the  fame  as  before. 
•3181  ^      ' 

Note,  This  Rule  "will  not  give  as.  accui^tc  an  An- 
fwer  as  the  laft^  though  fufficient  in  ma^y  Caies. 

Example    It* 

:  Suppofe  xhe  Diameter  the  fme  as  before ;  required^ 
iheP^iphery^  i#  Arith*^ 


Ssfl;  V;;,         ^  S  y  p  j£  R  F  I  c  J  as.  loi 

1.  Arithmetically. 

.o  X  y  =  ^'  ^f  =  62^  =  6r857i  =th<. 
Periphery.    Of  20  -^  /^  1^  ^^^ , as  6^-8571. 

2.  LogarithmkalFjr. 

The  Ldg.  of  the  ifff?'^*-'"  ?.         "  ^'S^ios^ 
.•      .  .    ..iMtritipher  y         =0-497525 

The.Saill  iStheLog4.Per^h.  <J2'85  &c=:  1-798355 

3.  By  the  Sliding  Rule. 
A.    B.       A.     Bv 

As  7  :  22  : :  20:  (52-85,  &c.  tlie  Periphery. 

Rule    10. 

Divide  the  Periphery  by  y  (=  3f  =  3- 145 8:-.)  or 
multiply  by  ^'t  (=  0-3181  -),  for  the  Diameter. 

TTiis  being  the  Reyerfe  <rf  Rule  II»  Examples  are 
unneceflary. 

Rule    ly. 
Multiply  the  Diameter  by  ^JI  (=  jil  =,  5T4'r6+;, 

or  divide  by  ^(=0-31831+);  the  Produft  or  Quote 
ij  the  Periphery. 

Therefore  d  H^-^  =  illiz=  ^^  d=  vi4i6d 
a  the  Periphery.  Alfo  </  -  ^^  =  — g—  =  thePcriph.. 

Example    m.     . 
Sappofc  the  Diameter  the,  fame  »  before  5    re- 
Ittircd  tbe  Periphery,  i.  Arith- 
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1.  Arithmetically. 

Hi         113  113  113  ^ 

as  the  Periphery.    Or  20  -s-  ~  =  —22 — -=  ^2*83 1 8 

=  the  Periphery  as  above* 

By  Vihzt  goes  before  it  is  eiadent^  that  Rules  i  and  4 
give  out  exa6Uy  the  fame  Anfwer,  and  differ  a  little 
from  the  Refult  of  Rule  2  ;  but  the  Difiereuce  is  a 
Trifle;  the  former  being  62*8318^  and  the  latter 
^2*85 7 1,  the  Difference  is  only  0*0253. 

2.  Logarithmically. 

The  Log.  of  the  ^^^         /°  '  »*3°»°3<' 

^Multiplier        J-i|  =  0-497 150 


iW^iBairt 


The  Sum  is  the  Log.  Periph.  62-8318  =  1798180 

3.  By  the  Sliding  Rule. 

A.       B.         A.       B. 

As  113  :  355  : :  20  :  62*8318  the  Periphery. 

Rule    V. 

Divide  the  Periphery  by  ^—  (=3  i-=  3*  141 6),  or 

multiply  by  —  (=  o-  3 1 83 1  +) ;  the  Quote  or  Produft 

is  the  Diameter.    Note^  As  this  is  joft  the  Reverfe  of 
ihe  Jail  Rule^  Esamplcs  are  needle£ 

P  &  0  B. 


■ 

fcft.  V.         CySuPEJiriciEs.  X03 

prob.  xxxin. 

To  find  the  Area  of  a  Grde,  by  haying  thc^Dia- 
meter  and  Periphery  giyeiu 

Rule. 

Mukiply  half  the  Periphery  by  half  the  Diameter^ 
ir  multiply  the  Peripheiy  and  Diameter  together  and 
diride  the  Produft  by  4 ;  either  of  thefe  ^U  give  the 
Area. 

Pat  d  =r  ^C  =  the  Diameter,    and  f  =  ^BC7> 

=  the  Periphery  or  Circumference ;  then  —  x  '  =: 

^  =  ^  =  the  Area.  (Fig.  57.) 
44 

Example. 

Suppofe  the  Diameter  of  a  Cirde  =  24^  and  the 
Periphery  =  yjf;  required  the* Area. 

I.  Arithmetically. 

"*  5^.  £4 -.377  y^  24 --377  X  24 _ 9048   _  ,  _ 

a  2  "~  10         2  20      ^  20     "*  ^^  ^ 

die  Area. 

« 

3.  Logarithmically. 

of    '  ^Half  the  Perip.  (  ^*)        =  i  '5  7  <J34 « 
The  Swa  is  the  Log.  of  the  Area  452}= 2-655522 

3- Br 
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^.  %  the  Sliding  Rule. 

A-     R       A  R 

As  4  :  24  :  :  75-4  :   45a^4^?E  the  f^rcsL 

P  K  O  B;     XXXIV. 

.    T'^p  Piapie^cr  of  a  Circle  given,  19  fipd  jhe  Area. 
'  R  V  L^e    I. 

«  ,  I         •  .  .  . 

Muttipiy  the  Square  of  the  't)iameter  by  07554 
(tr  the  Area\x)f  a  Circle  whpfe  Diameter  is  i),  ^r  di- 
Tide^t,by  1*2732  ;    the  ProduQ  or  Quote  is  the  Area* 

'Hiat  is,  put  d  =  the  Diameter  ^C;  then  d dx 

07854  =  07854  d^d-  ,t^'=  Area.  (Fig.  57.) 

c  i]2^?Wofe  ?he  Diainei5pr^4.,  iw  btforcf  respired- the 
Area  or  (uperficial  Contp^r,...  :^: 

I.  Arithmetically. 

■  •       • 

24  X  24  X. .0:785.4  ;=  Z4*  X  07854  =  -'^*-  .452-4 

=  the  Area.  .  .  ^      '    ..    '  *  .    *      r 

2.  Logarithmically* 

The  Log.  of  the  Diameter  24     —      =  1*380211 
.'M^Wplyby         -7    *  ;     '^ — .  .     .        2 


^ 


i>  *■    II 


•  '. 'Prqd\^S:  is  th^  Liog.  .0^.5^4'..     -r-        =2,760422 
.  ..  ThfiXog.  of  o  7854  —  =-r89509i 


f  ^ " 


Sum  Is  the'Lx)g.  of  452-4  =:Area         ?=  ^2*6555 1 3 

3.  By 


&av. 


< 

Cy   Sup  E  k  P  I  CI  E  s. 


ios 


3,  By  the  SUdiog  Rulc« 

A  B  A        B 

As  l'*732  :  24  :  :   24  :  452'4Jlhe  AfiM. 

Or, 
D        B  D       B 

As   I  :  0*7854  :  :  24  :  *J5C*4. 

R  U   L  E      II. 

Multiply  the  Square  of  thb  Diamjpter  by  xjf  or  di« 
vide  by  i  tt  (=  tt)  ;  Ae  IVoduft  or  Quote  is  the  Area. 

»f,i      .     add       dd        ,^ 

Th«t  IS  =  -;-  =  Area. 

£  X  A  M  P  L  £      IL 

Gifen  the  Ditmeter  as  before;  reqpirdl  the  Atea« 

I.  Aritluneticany. 

?^i^^  =  ^  =  4S2{  =  Area,   which  differs  a  lit- 
tie  from  die  firft. 


2.  Logarithmically. 

The  Log.  of  the  Diameter  24 
Multiply  by         — -         

Produft  is  the  Log.  of  24*  — 
The  Log.  of  Multiplier  11  — 
The  Comp.  Arith.  Log,  of  14     — 

Sum  is  the  Log.  of  45  2-5  7        — 

P 


=SI^5802II* 

2 

=  2760422 
=  1-041393 
==8-853872 


•m 


^^»" 


■•• 


2*655687 

3.  By 
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•  - .  « 


3.  By  the  Sliding  Rule. 

A     B       A      B 

As  Itt  :  24  : :  24  :  452^  =  the  Are(», 

Or, 

D    B      D      B 

As  I  :  77  :  :  24  :  452^  =  Area  as  aboire. 

Rule    III. 


55J 


Mulpply  the  Sqtfare  of  the  Diameter  by  —  or  61 

vide  by  HI  (sz  i~  ^  1*2732) ;  the  Produft  or  Quo- 

-ticnt  is  the  Area.    That; is  -^^^  =?  ~rr  =     ,^-  = 

45?         i/tV       1-2732 

the  Area. 

£  X  A  M  P  I    £      IIL 


Suppof^  the  Diatocter  the  fame  as  before,  required 
the  Area..    - 

I.  Arithmetically^ 

l4!A3y  =:  J£  =  ^5,   44  ^  ^      ^  ,h^  Area  the 

iame  as  by  Rule  It 


' 
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I  2.  Logarithmically. 

The  Log.  of  24*  =  2*760422 

The  Log.  of  355        —         —         =2-550228 
The  Comp.  Arithmet.  Log.  452  =  7-344862 


i^mm^^mmm 


Sum  is  the  Log.  of  452-4        —         =  2-655512 

3.  By  the  Sliding  Rule. 

A       B      A       B 

As    1 2i  :  24  : :  24  :  452-4  =  the  Area. 

Prob.  XXXV. 

The  Feripbery   of  a  Circle  being  given,   to  find  the 

Area. 

Rule. 

Multiply. the  Square  of  the  Circumference  or  Pe- 
riphery by  •07958,  (=  the  Area  of  a  Circle  whofe  Pe- 
riphery is  i),  or  divide  it  by  12-5665  the  Produft  or 
Quotient  is  the  Area.  That  is,  put  f  =  the  Periphery 

•45C2),  then  ff  x  -07958  =  j^  =  the  Area, 
(Fig.  57.) 

Example* 

Suppofe  the  Periphery  of  a  Circle  ==  75-4;  required 
the  Ar?a. 

I  P  2  .1.  Arhb. 
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I.  Arithmetically. 


75-4?;  X  '07958  =-^^  =  452:4  Ac  Area. 

2.  Logarithmically. 

The  Logarithm  of  75'4*         -r         =  J754743 
The  Logarithm  of  '07958 =  •2*900804 

Sum  is  the  Log.  of  452*4         —         =2*655546 

3.  By  the  Sliding  Rule. 

D     B         D        B 

As  I  :  '079  : :  75*4  :  452*4  =  the  Area. 

Or, 

A         B  A        B 

As  12*56  :  75*4  :  :  75*4 ;  452*4  =  the  Area. 

P  R  0  B.      XXXVI. 

Tbi  Diameter  of  a  Circle  being  given,  to  find  the  Side  of 
a  Square  equal  in  Jirea  thereto. 

Rule. 

Multiply  the  Di^ii^ct^r  by  ©'SSdia  (=>/7854)  or 
divide  by  1*1284;  the  Produft  or  Quote  is  the  Side 
of  the  Square.    Put  d  =  ^C,   then  d  x  0*8862  =t 

~~-  =  the  Side  of  a  Square  equal.  (Fig.  58.) 

E  X*A   MP  LE. 

Suppofe  the  Diameter  of  a  Qrcle  =  36;  require^ 
the  Side  of  a  Square  equal  in  Area  to  the  Area  of  the 
givea  CiBcle.  i  •  Arith* 


ka.v.       Of  Sfjfjffif i€it\g.         lo^ 

h  Aiithmoticilly. 
36  X  0-8862  »  j^-  =r  3:1-9—  =  Side  cf  Square. 

Tlw-T  f  J  *^  Diameter  36  =  1*55^302 

^|w:  l-og-  Pt  ^  ^1^^  p^^^^    ^.gg^^     _  ••1-947532 

Tlie  Sumische  Log^Sideof  the  031-9  =  1*503834 

3.  Bj  th^  Slidipg  Rule^ 

A    B        A      B 

As  f  :  36  : :  -88  :  31*9  3=  Side  cf  the  Siquare. 

Or, 

As  1*12  :  I  : :  36  :  31*9  the  fame  as  above. 

Prob.  xxxvn. 

Having  the  Periphery  of  a  Qrcle  given,  to  find  the  Area 
of  a  Sqt4are  wboji  Area  is  equal  to  that  of  the  ^f- 
ven  Circle. 

R    u    L    £. 

Multiply  the  Periphq-y  by  0*2 8?  i  (v^*07958),  or 
divide  by  3*5448 ;  the  Produft  or  Quote  is  the  Side 
of  the  Square  equal. 

Then  putting  f  =  the  Periphery  A  BCD;  /  x 

••Q7958  =  f  1/ '07958  =  -f-g  =?  Si4c  of  the  Square 

equal    (Fig.  58.) 

Example 


110  *M  £  N  fi  V  &  A  T  t  O  K  Book  lib 

Example. 

Given  the  Periphery  72  j  required  the  Side  of  the 
Square  equal. 

I.  Arithmetically. 
72  xv' '07958=  ^^^=  20*3 1  =  Side  of  n. 

2.  Logarithmically.' 

^,    J         ^Cthe  Periphery  7a  =  i*857332 

inci^og.  or  ^^j^^  j^^j^jp^  v'-0795»    =-r450402 

Sum  is  the  Log.  of  the  Side  of  Square  20'3i  =  1*307734 

5.  By  the  iSiding  Rule. 

A     B  A       B 

As  I  :  -28  &c.  : :  72  :  20-3 1  =  Side  of  the  Square* 

Or, 

As  3'54  :  I  : :  72  :  20"3i  =  the  fame  as  above. 

Prob.  xxxvm. 

The  Diameter  of  a  Circle  given,    to  find  the  Side  of  its 

greateft  infiribed  Square. 

R  U  t  E. 

Multiply  the  Diameter  by  0*7071,  or  divide  it  by 
1*4142 ;  the  Produd  or  Quote  is  the  Side  of  the  in« 
fcribed  Square. 

Suppofe 


^ 


Suppofe  AC-  I ;  then  AE  (=s  EB}  =  -5  =  the 
Length  of  the  Legs  of  the  right  angled  plain  A  AE  B, 
Then  (by  Theorem  17;  the  Hypothenufe  AB  ^ 
/TAE*  +  ET'  :  =  v^'5*  +-5*  =^  y  -25  +  '25 
=  ^50  =  07071  =  the  Side  of  the  infcribed  Square 
of  that  Grcle  whofe  Diameter  is  i.     (Fig.  5*8.)* 

Then  put  d^AB.  fo  mWd  x  07071  =:  -: m 

^J3  ;=  the  Side  of  the  infcribed  Square. 

E  XHl  M  P  L  E. 

Given  the  Diameter  of  a  Circle  =36;  required  the 
Side  of  its  greateil  infcribed  Square. 

I.  Arithmetically, 

36  X  07071  =s  YT^ —  =2545  .=  Side  of  the  in* 
fctibed  Square  required. 

2.  Logarithmically^ 

•         •    • 

TK   T         f^the  Diameter  36    —    =1*55^301 
1  ne  Log.  or  ^^j^^  Multiplier  07071    =  •r.849481 

The  Sum  is  the  Log.  of  25*45     —     =  1*4057 83 

3*  By  the  Sliding  Rule« 

A    B       A      B 

As  I  ;  36  : :  70  :  25^45  as  above. 

F&OB 
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Pi  OB.  XXXIX. 

*  .  .  >  « 

Having  tb^  Grcumferena  of  a  Circle  givm^  to  find  the 
Side  of  its  greatej{  infcribed  Square t, 

Mulflply  the  Circumference  by  0*2  2  51,-  or  divide  By* 
i|;4424;  theProduft  or  Qgpte  is  the  Side  of  the  in- 
fcribed Square. 

Put  c  =  the-  CircumfereliCd  ^BCD;    then  c  x 

c 

o'22  ?  I  =  0*2251  cr=L  — -~  =  the  Side  of  the  infcribed 
^  4*4424 

Square.    (Fig,  58,) 

£  X  A  m!  P  t  E^ 

Suppofe  the  Circumference  =  72 ;  required  the  Side 
of  its  greateft  infcribed  Square. 

•                •  - .  »     . , 

•      '•- -^    ''    1,  Arithijietically,  •        ■•  •• 

72  X  0*22 CI  =5  -  ^^     '=^  i6'Z  the  Side  of  theD. 

^  -^  4'4424 

2.  Logarithmically, 

cthe  Circuraferencc  yi      it?  i'85733? 
The- Log.  ot  ^  ^j^^  Multiplier  0-2251    =  •i'352  375 


^  J  <  • 

a        ■• 


The  Sum  is  the  Log.  1 6*2  =  Side  of  the  D  =  1-209707 

3.  By  the  SDding  Rule, 

A    B       A      B  .  .         .  ,     • 

As  I  •  72  •'  ••  '22  :  i6-2,  as  above. 

Pkob, 


•■     ■_♦» 


le&V*  <y  Se  r  Kn  F  I  c  lis.  tig 

ftmeafure  iStShr  tf  a  Girctif  SemkireU,  orQjtadrant^ 

ft' u  L  fe. 

Multiplj  thi  Radttis  and  Areh  together,  and  take 
Half  the  Produft  for  the  Area.  Or  multiply  Half  the 
Radius  into  the  Arch^  or  Half  the  Arch  by  the  Radius ; 
either  of  which  will  g^te  the  Area. 

^t  a  =?  Arch  XTy    and  r  =  ^he  Radius  AX  s 

';  then  j-=-^  xra!^x<i  =  Areiof theSedor 
JXT.    (Fio.  itO 

'ft  • 

£  X  ▲  M  F   L  £« 

If  the  Radius  he  =:  40^  and  the  Ai'chvzi  15;  re^ 
quired  the  Area  of  the  Sedor. 

1.  Arithmetically. 

^-^^  =:  J X  IS  =  ^  X40  =c  300  =s  Area  of  the 
Seaor. 

2.  Logarithmically*. 

The  Log,  of  theRadius  40        ~.        =s  v6oio6o 

The  Log.  of  the  Arch  15       =:  1-176091 

The  Comp.  Arithmet.  Log.  2      —      =9-698970 

iSam  is  &e  Log.  (^  the  Area  s  300     82-477121 

Q.  %'  By 
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3.  By  the  Sliding  Rule. 

A    B       A     B 

'   As  2  :  40  : :  15  :  300  =  Area  of  the  &£lon 

F  R  o  B.  XLI. 
%meajure  the. Segment  cf  a Cirifle.    •; 

Rule. 

'  Find  the  Area  oF  the  SeSor  ^Btl^  hj  the  laft 
Problem  ;  then  it  is  evident,  if  frotoi  the  Area  of  the 
Scftor  ^B  CD  you  fake  the  Area  of  the  lijiT>C, 
the  Remainder  v?Ul  be  the  Arca-of.  the  Segment  ^BC 
Put  r  =  ^7}  (=  2>C),  c  =  ^C,  tf  =  Arch.^^^.C, 
'•j  =  verfcd  Sine£5,  andArrzOJB  -  JE5  =  tD  S. 

Then  ^  =  Area  Scflor  jdSC^.:; .  imd  ~  =  Area  of 
the  A  ^42>C}  then    ^  —  £!!  =3  ."^-Iziir  =  Ariii  of 

2  '2  2 

the  Segment  ^BC.    (Fig.  59.) 

Exam  p  l  e.: 

Suppofc  the  Chord  of  a  Segment  =  48,  and  vcrfed 
Sine  =  6,  alfo  the  Length  of  the -Arch  =  4872 ;  re- 
quired the  Area. 

I.  Arithmetically. 

lL  +  6  —  ><<      ^'   =102  the  Diameter  of  the- Cir- 

cle,  whofe  Half  51  is  the  Radius.  Then  ^-iiilSlZH   ^^ 

1 242*3 6  s=  Area  of  the  Seftpr.     Alfo  — -^  x  48  = 

1080  the  Area  of  the  A;   then  1242*36  —  xo8o=: 
^52*3 6  the  Area  cf  the  Segment.  Where 
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Where  vcrjr  great  Esafinefk  is  not  required,  if  you 
Wilopjy  cKe  Chord  by  f  of  the  ycrfcd  ^inc^  i%e  Pro^ 
duA  is  the  Area. 

a.  Logarithmically. 

,,TheLog.of  ^'-^-        ~       .—      =  1-352 J82 
The  Log.  of  48  — r—  «  i*i$8ia4X 

Sam  is  the  Log.  xo8o  =  Area  of  the  A  =  3-03  3423 

AUb, 

The  Log.  of  51        —        '"    '   5s  1707570 

The  Log.  of  4872  '  =  1*687703 

The  Comp,  Arithmet.  Log.  2      —     =9*698970 

Sum  is  Lqg.  of  1 242*36  =  Area  of  Se^or  =  3*094243 
Then  1242*36  —  1080  =  162*36  =  Area  of  ,thc 
Segmeot  as  before. 

3.  "Qj  the  Slidixig  Role. 
A     B       A        B 

*  • 

As  1  :  22*5  : :  48  s  1 080  =r  Area  of  the  A. 

A5  I  :  48*72  : :  5 1  :  1242*36  =  Area  of  the  Seftor. 

P  n  o  B.  XLIL 

ft 

7a  meajfdrc  a  Parabola.     , 

Rule. 
Multiply  y  of  the  Axis  by  the  Ordinate,  or  \  of 
the  Ordinate  by  t)bc  Axis,  or  take  ^  of  the  Produft  of 
^hc  Axis  and  Ordiiwttc ;  any  of  thcfc  will  be  the  Area. 

CL2       '  Put 


11$.  Me  If  SUE  A  Ti^|i  BqoklL 

Put  ^  s  Ordinate  ^  B^  md  v.^  the  Airk 


thcni^  x^:=~  =  ~x;^  =  ArcaofthcR«abo!» 

3  3  3 

•^C5,    (Fig.  39,) 

E  X  A  M  P  L  £. 

Giv€n  the  Axis  of  a  Parabola  =  j  2*5,  and  its  greatcft 
Ordinate  s  1 8 ;  required  the  Area. 

1.  AnthmeticaUy. 

U:i^  X  18  =  i^iy^*  =  150  =  Arc?  of  the  Pa- 

3  3 

pd>ola. 

2.  Logarithmically. 

the  Axis  12/5        —     ssrogtfpio 
The  Log.  of  -^the  Multiplier  \  =-1-82  3909 

the  Ordinate  1 8     -^     ^V^SS^^I^ 

Sum  is  the  Log.  of  the  Area  150    —    ==  2*i76o9t 

3^.  B7  the  Sliding  Rule. 

A        B        A.      P 
As  1-5  :   12-5  : ;  i.B  :  150  =  Area, 

Tff  meafure  /m  Oval  or  ElU^. 

if    • 

R    V     .X-     E. 

Multiply  the  Produft  of  the  two  Diameters  by 
7854,  or  difide  it  by  *r273?;  Ae  ft-oduft  or  Quote 
fe  the  Area.  .•  .Ex- 
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*^-     • 


Put  *  =s  -if  C  =  Tranfrafe  Diameter,  and  £  =  JJ  2) 

sthe  Conjugate ;  then  *  c  x  -7854  =  f^2  ~  ^^  ^ 
iicQnlor.mvGs^BCV.    (Fjg.  i8.) 

r 

'Example. 

If  the  tranfverfe  Axis  be  24*5^  and  the  Conjugate 
^6,  required  iche  Area  of  the  Eilipiis. 

I.  Aricbirfttialljr. 
i4-5X  16x7854=  !i;i^  =  307-87^  Area. 

2^  LogarithmicaHy, 

rXninf,  Diam.  24*5    ^v^Bpi66 
The  Log  of  the^Cpnjug.  Di^in.  1 6_      =s  i'204i  20 

.Q  Multiplier  7854        =t895o9}: 

Sum  is  the  Log,  of  the  Area  307-87    s=  2*488377 

3.  By  the  Sliding  Rule. 

A       B         A       B 

As  M7  •  ^4*5  •  •  ^^  •  3oy87  =  Area. 

Prob,   XUV- 

To  mcaficre  nn  Hyptrhalc^. 

The  Rule  for  this  being  (in  Wiords)  io  intricate,  I 
liare  therefore  contraftei  the  fame  into  a  Theorem,  by 
which*  the  Solution  Iwll  be  more  eafily  attained. 

Put  /  «=  tranverfe  Axis,  q  =  the  conjugate  Axis,  and 
tf  =  the  Abfciffa*  The- 
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T  H  £  0  K  £  M. 


80  ^  +  39  tf  X  ^  ^  /x  4  ii  c  =  AT  s  die  DividauL 


i6/+2aX  15 /=2r=:  the  Dirifor;  then  -  =  the 
Area. 

£  X  A  M  F  L  £.  * 

Given  the  tran&erfe  Axis  jB-2)-x  34,  the  Conju- 
gate 20,  and  the  Abfciila  pr  Height  J3  G  =  i  2 ;  rc«* 
qd!rcdthe  Area.  ■  .    '   • 

I.  Arithmetically;-^ 


34  X  80  X  12  X  39  X  v^  2'I  >$  34  X  4  X  12  X  29 

n  60658176  =  Dividend.    Then  34  x  16  +  3  x  12 

^  ijx  34  =  2 95 800  =  Dirifor.    Th?n  ^-^^j|^  = 
1^05*06  =  Area  of  the  Hyperbola.  ■ 

pR  OB.    XLV. 

To  jind  th^  jitea  of  any  Curve-lined  Space  A  B  & 

Rule.    .   - 

Mcafure  in  a  dired  Libe  J4  B  from  one  End  of  the 
Curve  to  ihe  other;  .and,  as  often  as  convenient;  isdce 
>Preadih$  perpendicular  to  ^B^  as2>JB,  FCt  GH: 
Then  m  £nd  the  Area,  add  the  feveral  Breadths  toger 
xher,  and  divide  the  JSum  by  the  Number  q{  Breadths^ 


Scft.V. .         Cy  Sup  B  n  ¥  I  cixs.   ..  ^lo 

£>  ihall  the  Quotient  be  the  mean  Breath,  which  tnul- 
tipKcd  into  the  whole  Length  ^  ^,  the  Produft  will 
be  the  Area.    (Fig'.  6o.)     "    "  ' 

Of  tMrt  accuiktcly  vihw  ?. 

Multiply  the  half'  Sum  of  etery  two  Breadths  by 
the  intermediate  Length ;  the  Sum  of  the  fevcral  Pro- 
dufts  is  the  Area.  .  ;T)j$^feveral  Lengths  and  Breadths 
arc  as  .below..   . 

?    Lengths,      I\  Breadths. 
'   -L.\  L. 

^         =5 . :  O     I  •^      =   O 

^T>  =  iio|2>-E  =  80 

^^'=2  Ct<)o\FC-    tt MO 
.5  \'^'3j:h:  4W 


I 


3 


G  H'jsf.  ig^ 

Bit  =?  <>• 


i 


0  + So  +  no  +  95  +  o  A     '     t  ' 

7     ^^    '  Z:'^  :j*:\^  41Q  ;?:  .o-ajjyo  Acre*  by 

the  fifft- Method.     ,  ^  ^-v  ._  \ 


04*80  .     "So*  4^^-110     •      -*-T-T*-: 

^  X  no:  ^'"az^^J—  X200— tio  :  + 


2 


no  -4*  '■  .     ■ — 


X  275  *-  200  :  +  "''■  '.^  X  '4 10  '— ^  275  .2=  o:;27P49 

Acres  by  the  fecond  Method. 

Bat  the  common  and  practical  Method  of  fitiding  the 
Area  oT  any  irregular  curve-lined  Superficies,  b  to  take 
a  Breadth  in  the  Middle  of  every  one,  two^  three,  &c: 
Chains,  Yards,  Feet,  &c.  which  Breadth  multiplied  by 
its  rcfpeflivc  Length  will  giye  the  Area  of  that  parti* 
<^iilar  Part ;  then  the  Supi  of  the  fcveral  Areas  will  be 
^^*e  Area  of  the  AVhole. 

Sect- 
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'  •  ■  '  •  •  •  •  " 

"     -  -        .  ■  -         .  I      *^l  I 

SECT.    VI. 


Mehsuratiov'  of  the  Supcificies  of 

.      SOLIDS.  ■,.. 

ft 

.■■i../fj'.i  ?  .  I. I    ■■■I...',    "i    ,  I il     I    II  I     Ifcw—a a— — »f— MiM<f 

•  .... 

-     Pr  OB.     XLVI. 

Ttojind  the  jirea  of  the  Surface  efanyCube^  Prifm,  Cy* 

•^  ItTidiry  fit. 

Rule. 

Multiply  thcPcnphcry  of  the  Bafc  by  the  Length 
of  the  Sdid^  to  that  ProdliA  add  the  Area  of 
the  Bafe  or  Bafes,  the  SW  is  the  Area  of  the  whole 
Solid. 

>V\jLta  =  ^Bz^BC^CTf^lD^,  &c  Thea 
4^x^  +  2  axa=zj^aa  +  2aass6aa:=i  Area  dE 
\hc  Superficies,  of  the;  Cube  ^BC,  &c.    (Fics.  <i.) 

Alfo  put  X  =  the  Side  of  the  Bafe  ^B  of  a  trian- 
g^T  Prifm,  and  v  =  C2)  =  its  Height  j  thenySTx  v 
+  2  ^*  X  0-433013  (=  tabular  Nuinborfora  Trigon) 
==  3  V  *  +  "866026  xl  =  Area  of  the  Whole.  (Fig.  62.) 
Alfo  put  a  =  A  BCD  sl  the  Periphery  of  i  Cylin- 
der, and  b=iC£l  =  its  Length  j  then  ^  ^  +  "1591 6  d* 
==  Area  of  the  Surface  of  a  Cylinder.    (Fig.  ^3.) 

E  k  A  M  P  L  E    L 

Suppofe  each  Side  of  a  Cube  c  14*5;  required  the 

fi^pcticial  Content. 

I.  Arith- 


Sea VI.  <y    Solids.  I2i 

I.  Arithmetically. 


14  5  X  4  X  14-5  -^:  145  X  2  X  14-5  =  841  +  420 
=  1261  =  Area. 

■ 

2.  Logarithmically. 

Becaufe  a  Cube  coniifts  of  fix  equal  Sides, .  therefore 
the  Area  of  one  Side  multiplied  by  6  or  diyided  by  i, 
irill  be  the  Area  of  the  Whole. 

The  Log.  i4'5*  +  Log.  6  =  Log.  1261  =  the  Area 
of  the  Superficies. 

3.  By  the  Sliding  Rule. 

A        B         A       B 
As  -166  ;  14'5  : :  145  :  ia6i  =.the  Area  the  fame 
as  above. 

£  X  A  M  F  L  £      IL 

If  each  Side  of  the  Bife  of  a  triangalar  Prifm  be  8, 
and  the  Length  30;  required  the  fuperficial  Qontent, 

I.  Arithmietically; 


8x3  X  30  +  8*  X  0*866026  =  720  +  55*42 
775'42  =  Area. 

2.  Logarithmically. 


The  Log.  8x3  +  Log.  30  =  Log.  720.    The 
Log.  8*  +  Log.  0*866026  =  Log.  55*42. 

R  3-  % 
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3.  By  the  Slldiog  Rule. 
A     B       A     B 

As  I  :  24  :  :  30  :  720  =  Area  of  the  upper  Part. 
D     B        D      B 

« 

As  I  :  0-86  : :  30  :  55*42  =  Area  of  the  two  Bafes. 

Example    UL 

Suppofe  the  Circumference  of  a  Cylinder  =48^  and 
the  Length  130;  required  the  fuperficial  Content. 

I.  Arithmetically. 


48  X  i3o  +  48*X'i59i6(=-o7958x2)=66o(J7 
=  Area. 

2,  I-ogatrithmicalJy. 

The  Log.  of  48  +  Log.  of  130  =  Log.  of  ^240 
The  Log.  of  48*  +  Log,  of  '1591 6  =  Log.  of  3667 

}•  By  ;^e  Slidii^  Rule. 
A       B       A      p 

As  12-56  :  48  :  :  96    :  3667  =  Area  of  the  Bafes. 
As     I       :  48  :  :  1 30 :  6240  =  Area  curve  Super. 

P  R  o  B.  XLVIL 

To  fnd  the  fuperficia]  Content  of  any  Cme  or  Pyramid, 

Rule. 

Multiply  half  the  Periphery  of  the  Bafc  by  th«  flant 
Ikight,  or  half  the  flant  Hdgbt  by  the  Periphery  of 

the 
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the  Bafc,  or  take  half  the  Produft  of  the  Periphery  of 
theBafe  into  the  ffant  Height ;  any  of  thefe  three  Ways 
will  give  the  fupcrficial  Content,  to  which  add  the  Area 
of  the  Bafe. 

Put  4r  =  .^J?  «  ^C=  C2)=  2>^=  the  Side  of  a 
i^iare  Pyramid,  aod  b^E^  =:,its  fltnt  Height.  Then 

2  2      '  2  2 

=  fuperficial  Content.    (Fi  g.  64.) 

Alfo  put^  =  the' Periphery  ^B  C7),  and  a  —  E^ 
=  the  llant  Height  of  a  Cone  or  round  Pyramid ;  then 

-f-x/  + -07958 //>=:^x  a  +-07958/^=  ^+ 
'07958/^=^^'^^'  ^^  =  fuperficial  Content. 

Example    I. 

Suppofe  each  Side  of  a  fquare  Pyramid  =  15 '5  and 
its  flant  Height  =  40 ;  required  the  fuperficial  Content. 

i^  Arithmeticaliy; 

J^^-^— ix  40  4-  I5!5*  3:  ;48o-25  = -fuperficial  Con- 
tent. 

2.  Lx>g9rithmicaIIy« 

The  Log.  of  '^'^^    -'4-  Log;  of  40 1=  Log.  of  1 240. 

The  Log.  of  i5*5*i$=  Log;  240-125.    Then  1240 
4.  24'o*55  ^  i4&o^23  «=  fuperficial  Content  as  above. 

R.  2  3.  By 
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3.  By  the  Sliding  Rule. 
A    B       A       B 

A   C2  :  62  :  :  40  :  1 240  =  curve  Surface. 
^(^i  :  15*5  :  :  15-5  :  240*25  =  Area  of  ibeBafc. 
whofe  Sum  1240  +  240*25  =  1480-25,  is  the  fame  as 
above. 

Example     IL 

If  the  Periphery  of  the  Bafc  of  a  Cone  or  Pyramid 
be  60,  and  its  flant  Height  350  j  required  the  fupcr- 
ficial  Content. 

I.  Arithmetically. 

=  10786-49  =  fuperficial  Content. 

2.  Logarithmically. 

The  Log.  of  V  +  Log.  of  350  =  Log.  of  10500 
=f  convex  Superficies.  Alfo  the  Log.  of  60  *  4-  Log. 
of  '07958  =  Log.  of  286*49  =  Area  of  the  Bafe. 

3.  By  the  Sliding  Rule. 

A       B       A       B 

^  C     2     :  60 : :  350  :  10500  =:  curve  Superficies. 
^12*56:  60:  :  60  :  286*49=:  Area  of  Bafe. 

P  R  o  B. 
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P.  R  o  B.    XLVIIL 

To/nd  the  Juperficial  Content  of  the  Frufium  of  any  Cone 

or  Pyramid. 

I 

R  U  L  £' 

Mnltiply  Half  the  Sum  of  the  Peripherics  of  the 
Bafes  by  the  flant  Height,  or  Half  the  flant  Height  by 
the  Sum  of  the  Peripheries,  or  Half  the  Produft  of  the 
flant  Height  by  the  Sum  of  the  Peripheries ;  any  of 
thcfe  three.  Ways  will  give  the  Area  of  the  curve  Snr- 
&ce,  to  which  add  the  Areas  of  the  two  Bafes,  the 
Sum  is  the  whole  fuperficial  Content. 

Suppofe  p  =  the  Periphery  at  the  greater  Bafe  •^C, 
^  =  the  Periphery  at  the  Icffer  Bafe  FG^  and  v  =  the 

flant  Height  ^F  =  CG\  then^-^  x  v  +  '07958// 

+  •07958  rr  zrH^i^''  +  -07958 />/>  +  -07958  rr  =  the 
fuperficial  Content  of  the  Fruftum  AFGC.  (Fig.  6$) 

Example. 

iTicre  is  a  conical  Fruftufti,  the  Periphery  of  whofe 
greater  Bafe  is  64  and  the  Periphery  of  the  lefs  3  8,  and 
thcilant  Height  or  Loigth  is  46;  required  the  fuper- 
ficial Content  thereof. 

I.  Arithmetically. 

.     ^■~-^-  X  4<5  :  +  (S4*  X  -07^58  :  +  33*  X  -07958  : 

=:  278  6' 873  2=  fupeificial  Cootcnt. 

2.  Loga- 
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2.  LogarithmicaDjr. 

The  Log, -i-ti-  +  Log.  of  46  =  Log.  of  2346 

= curve  Superficies.  The  Log.  of  3  8*  +  Log.  -0795  8 
=  Log.  of  1 14*9 1 35  2  =  Area  of  the  lefler  Bafe ;  alfo 
the  Log.  of  tf4  +  Log.  of  '07958  =  Log.  of 
325-95968  =  Area  of  the  greater  Bafe, 

3.  By  the  Sliding  Rule. 

A     B       A     B 

As  2  i  102  : :  46  :  2346  =  curve  Superficies. 

Then, 
D       B         D       B 
A  5  1  •  '07958  : :  64  :  325-95  =  Area  gi:eater  B. 
C  ^  f  07958  2:38:  1 14:91  =  Area  leffer  B. 

P  R  OB.  XLIX. 

ITo  find  the  jirea  of  the  Superficies  of  any  Glob^  or 

Sphere. 

R  XT  L  B. 

The  Area  of  a  Globe  being  equal  to  four  Times  the 
Area  of  its  greateft  Qrde ;  therefore  the  Square  of 
the  Axis  multiplied  .by  3*i4i4  (=4  X'07854),  or  the 
Square  of  the  Periphery  by  '31832  (=4X-o7958)^ 
cither  of  thefe  will  give  the  Area. 

Or  thus ; 

Divide  the  Square  of  the  Axis  by  0-3 1831  or  the 
Square  of  the  Periphery  by  3*1414;  khe  Quodents 
fhall  be  the  fuperfidal  Comest^  according  a&  yoo  uTe 
the  Axis  or  Periphery,  Put 
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Put   4f    =  the  Axis  ACj   add  /  r=  the  Periphery 
AB  CD  of  a  Globe  or  Sphercj  then  **  x  3'i4i6  == 

; — —  =   iuperfidal  G>nteiit  when  the  Axis  is  giyen. 

Alfo  p^  X  -3 1 832  =  -  ^    ■  =  Superficies  when  the  Pe- 
riphery is  giTen*     (Fie.  66^ 

Example. 

Given  the  Axis  of  a  Globe  or  Sphere  r;  1 2  j   what 
is  the  fupcrfidal  Content  ? 

1.  Arithmetically. 

12  •  X  3-141^  ^-Tlsi  "=  45^*39  =  fuper.  Content; 

2.  Logarithmically. 

The  Log.  of  12*  +  Log.  of  3*i4i6  =  Log.  452*39 
2=  fuperficial  Content, 

3.  By  the  Sliding  Rule. 

A       B      A       B 

fk&  •3183  :  12  : :  12  :  452*39  =  fupcr.  Content; 

P  X  O  B.    L. 

Tojind  the  Area  ofanyffberic  Triangle, 

Rule. 

Subtrafi  1 80  from  the  Sum  of  the  three  Angles, 

Buhiply  the  Snperfides  of  the  whole  Globe  by  this  Re« 

mainder 
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maindcr,  the  Produft  multiply  or  divide  By  •0014 
or  720,  and  the  Produft  or  Quotient  will  be  the 
fuperficial  Content. 

Suppofe,  ay  by  c  the  g  Angles  and  x  =  the  Axis  of 
the  Globe,  then  3*1 41 6  a-*  =  fuperficial  Content  of 
the  whole  Globe,  by  the  laft  Problem.  (Fig.  67.) 

Then  a  +  b  +  c-^  i8q  x  3-1416  at*  x  •0014  == 

jr  +  *  +  r  —  180  X  3"i4i6       ,         r       ^  •  I   i-t  r 

—  — 720 ^—^^—  ^^   =  fuperficial  Content  of 

Triangle. 

Example. 

Suppofe  the  Axis  of  a  Globe  be  1 7  Inches,  what  is 
the  Area  of  9  fperical  A  thereon,  whofc  3  Angles  arc 
35%  ^0%  48'  16*,  and  io8*  00'  ? 

1.  Arithmetically. 

35'l66  +  48*266  +  108—  i8oX907'9224  (the Su- 
perficies of  the  Globe  as  by  the  laft  Problem)  x  '0014 
=  14*53  =  the  fuperficial  Content  of  the  fpheric 
Triangle. 

2.  Logarithmically. 


The  Log.  of  35-166 +48-266  +  108—  1 80  + Log. 
©f  907-9224  +  Log.  of '00 14  =  Log.  of  14*53=  Area* 

P  R  O  £.     LI. 

To  find  the  fuperficial  Content  of  any  irregular  Solid. 

Rule. 
Divide  the  irregular  Solid  into  as  many  regular  Ones 
as.rt  will  admit  of,  whofe  Areas  find  by  fome  or  other 
of  the  foregoing  Rules.  But 
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But  the  commoa  pra^lical  Method  of  finding  the  Su^ 
pcrficies  of  all  fuch  Solids^  is  to  take  a  Periphery  ia 
the  Middle  of  every  i,  2,  3,  &c.  Yatds,  Feet,  &c 
which  multiply  by  each  rcfpcftive  intercepted  Length, 
the  Sum  of  the  feveral  Produfts  will  be  the  fuperficial 
CoQtent  of  the  whole  Solid.  Note,  The  more  Periphc. 
rics  you  take,  the  nearer  the  Truth  will  the  Work  be 
aod  will  give  out  an  Anfwer  fufficiently  exaft, 

Puta  =  ^2>,  b-GH,  c^EF,  ^=/A"and^  = 
B  C,  (the  feveral  Peripherics);  alfo  let  -y  =  2)i/=: 
JG,  x-HFzzGE,  y  -  FK  =  E  I,  zndz=:  KC 
=  IB  (the  feveral  intercepted  flant  Heights  or  Lengths ; 

Then  ^-i-^  xi)  +  X  =. fuperficial  Content  of  the  Fruf- 
mm  A  EFT)  by  the  formjer  Part  of  the  Rule,    Al- 


fo X    1 

2                -^ 

f      + 

z  =  the  Superficies  of  the  Fruftum 

EBCFhj 

the  fame  Part  of  the  Rule  ;  then  ^-^  x 

V  +  ;if :  +  : 

eAri 

7 

-  X  ^  +  z  :  =  fuperficial  Content  of 

A  BCD. 

(Fig 

f.  68.) 

Again ; 

*  X  v  + 

• 

Superficies  of  A EF^  by  the  latter 

Part  of  the  Rule ;  and  d  xy  +  2r  =  the  Superficies  of 
•E5CFby  the  fame  Method;  then  bxv  +  x  :  +  :dx 
JVz I  ^  bv  +bx  +  dy  +  dz  =  Superficies  of  AB CT>^ 

Example. 

Let  •/^  5  (72)  be  a  Piece  of  Timber,   whofe  feveral 
Peripheries  AD  =  4'5  Feet,  GH=z  5,  EFzz  625, 

S  IK 


7iC  =  375,  and  J?  C  =  2 ;  and  the  intercepted  Lengths 
arc  2>ii=  3,  HF=  3-5,  2^ if  =  4,  andiCC  = 
3*25 ;'  required  the  fuperficial  Content  of  the  Whole* 
(Fig.  68.) 

I.  Arithmetically^ 

£i±i2l  X  ($-5  +  :  ^^^  X  7-25  =  «54'84375 

Feet  =  fuperficial  Content  oi  ABC*D  according  to  the 
former  Part  of  the  Rule. 

Alfo, 


^'5^5  +  7*25  X  375  =  59*6875  =  fuperficial  Con-, 
tent  by  the  latter  Part  of  the  Rule,  which  differs  from 
the  other  jttft  5*  15  625/ 

''     2 .  X«ogaKrithmical]y« 
The  Log.  of  £11*15  ^  Log^  ^f  ^.^  ^  ^^^  ^f 

34*9375  ;  alfo  the  Log.  of -?lii   +  Log.  of  7-25  5- 

Log.  of  29-90625,  trhofe  Sum  64-84375  is  the  fupcr^ 
ficial  Content  as  above. 

3.  By  the  Sliding  Rule. 

A     B  <V      B 

.     C2  :  1075  :  ;  &$  .'SOa. 
^2  :  8"25  : :  7*25  :  29*9. 

SECT. 
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Mensuhation    of   SOLIDS. 


P  IL  o  B.    LIL 

To  find  the  SoHdity  of  a  Cube. 
Rule. 

Multiply  one  Side  into  its  Square^  and  the  Produ£): 
is  the  Solidity* 

That  IS,  put  ^  ==  ./jf  £ ;  then  aa>;a:=:  aaa  =  «'  =: 
the  Solidity.    (Fio- 6i.) 

£x  A  M  ?  L  ^Z 

Let  the  Side  of  a  Cube  be  14*5;  required  the 
Solidity. 

X.  Arithmetically. 
I4-5*  X  14*5  =  14*5 '  =  3048*625  =  Solidity. 

%.  Logarithmically^ 

The  Log.  of  14*5  multiply  by  3,  ProduS  is  the  Log, 
of  3048-625  =  the  Solidity. 

3.  By  the  Sliding^  Rule. 

D    B         D        B 

As  1 :  14*5  :  :  I4'S  •  3048*6  =r  Solidity. 


S  % 


Pro 


i 
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p  R  o  B.  Lin. 

T*oJind  the  Solidity,  of  any  Paralleloplfedon^    Frifm,  or 

Cylinder. 

Rule. 

Multiply  the  Area  of  the  Bafe  by  the  Length  j  the 
Produft  is  the  folid  Content. 

Put  M^^  B  ^z  Side  of  a  Bafe  of  a  fquarc  Prifm, 
and  v=^^C=B'D  =  m Length ;  then  x*  x v=:vx* 
35:  the  folid  Content  of  ^CT>B.    (Fig.  69.) 

Alfo  \f  a=2  v^C  the  Diameter  of  the  Bafe  of  a  Cy- 
linder, and  bzxCE  =  its  Length  j .  then  '7854  a*  x  h 
=  -7854  a*  /  =  Solidity  of  the  Cylinder  \AGEC, 
(Fig.  63.) 

e  x  a  m  p  i-  e    l 

Sqppof(^  a  Piece  of  Timber  in  Fprm  of  a  Parallelo- 
pipedon,  20  Feet  long,  18  Inches  broad,  and  10  Inches* 
deep ;  how  many  folid  Feet  are  contained  therein  ? 

I,  Arithmetically. 

*  • 

o  20  X  18  X  10  r" 

20  X  1-5  X  0-833  ->  = m =  *S  Feet  = 

the  Solidity. 

2.  Logarithmically. 

The  Log.  of  20  +  Log.  of  1*5  +  Log.  of  0*833  = 
Log.  of  25  Feet  =  the  Solidity. 

Or   thus; 

The  Log.  of  20  4-  Log.  18  +  Log.  10  +  Cpmp, 
Ajith, Log.  of  144  =  Lo^.  of  25  the  Solidity  as  above, 
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3.  B7  the  Sliding  Rule. 

B     D      B      D 

As  1 8  :  1 8  : :  I  o  :  1 3*4  a  mean  Proportion  between 
the  Breadth  and  Depth. 

Then, 
D     B        D      B 
As  12  :  20  :  :  13*4  :.  25  =  Soliditj. 

* 

Example     II. 

Suppofe  the  Diameter  of  the  Bafe  of  a  Cylinder  be 
3*4,  and  its  Length  =12;  required  the  Solidity, 

1.  Arithmetically, 

3*4*  X  '7854  X  12  =  108-950688  =  the  Solidity. 

2,  Logarithmically. 

The  Log.  of  3-4*  +  Log.  of  -7854  +  Log.  of  12 
=  Log.  of  io8'9S  =  Solidity. 

g,  By  the  Sfidmg  Rule. 

•7854  tum'd  to  aDiyiforis  V2T12,  whofe  fquare 
Root  is  ri28,  therefore, 
D       B       D      B 
As  1-128  :  12  : :  3*4  :  108*95  =:  folid  Content. 

Ex  AMPLE      III. 

Given  the  Periphery  of  the  Bafe  of  a  Cylinder  = 
^'S,  and  the  Length  of  the  Cylinder  =  14 ;  required 
Ac  Solidity.  i.  Arith* 
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I.  Arithmetically. 

65*  X '07958  X  14  =  4707157  =  foKd  Content. 

•  « 

a.  Logarithmically. 

'  » 

The  Log.  of  65 •  +.Log.  oJF  -07958  +  Log.  of  14 
=  Log.  of  47*07157  —  folid  Content. 

3.  By  the  Sliding  Rule. 

•07958  turn'd  to  a  Divifor  is  12' $66,'  the  fquare 
Root  of  which  is  3-54 ;  thai, 
D      B        D      B 

As  3-54  :  14  : :  6-5  :  47*07  =  M  folid  Content  of 
the  given  Cylinder. 

P  IL  o  B.     LIV. 

To  find  the  SoliSty  of  any  Cone  or  Pyramid. 

Rule. 

Multiply  the  Area  of  the  Bafe  (of  whatever  Form) 
by  I  of  the  perpendicular  Height  or  Axis,  and  the 
ProdViA  is  the  folid  O^ntent; 

Put  ^  =  ^  5  =  one  of  the  Sides  of  a  fquare  Pyramid, 

and  ^  =  £-5  its  Axis:  then  fl>  x  —  =  V  =  Solidity 

of  J  EC.    (Fig.  64.) 

Alfo  put  ;r  =  ^  C  3=  Diameter  of  a  Cone,  and  v  = 

V  •7854    3C*  V  1 

^ J5'it$  Axis ;  tlicn 7854  *   X  T ~       3"""  " 
folid  Content  of  JEC.    (Fig.  6$') 
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Example  L 

Let  each  Side  of  the  Bafe  of  a  fquare  Pyramid  be 
15  Inches,  and  its  perpendicular  Height  14  Feet,  re- 
qoired  the  folid  Content. 

1.  Arithmetkaliy. 

15 »  X  V  ■*-  144  =  1*25*  X  y  as  i2il21ii  =  7.29 
=:  Solidity. 

2.  Logarithmically. 

The  Log.  of  15*  +  Log.  of  •/  +  Comp.  Arith. 
Log.  of  144  =  Log.  of  7*29  =  the  Solidity  as  above. 

3.  By  the  Sliding  Rule. 

.       D      B       b     B 

As  12  :  4*66  : :  .15  :  7*29  =  the  Solidity. 

Example    IL 

« 

If  the  Diameter  of  the  Bafe  of  a  G)ne  be  15,  and  its; 
Axis  r=  64 ;  required  the  folid  Content. 

I.  Arithmetically. 

15*  X  -7854  X  y  = -^^^-^If*-^  =  1130976 

=  the  folid  Content. 

2.  Logarithmically. 

The  Log.  of  I  s  *  +  Log.  of  78^4  +  Log.  V  =  Log. 
tf  u  30(^7  6  =  the  Solidity.  3*  By 
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3.  By  the  Sliding  Rule. 
D         B        D        B 
As  1128  ;  2i'3^  : :  15  :  1 1 30976  =  Solidity. 

P  R  O  B.      LV. 

4 

7oJind  the  Solidity  of  the  Fruftum  of  any  Cone  or  Pyranud. 

R  u  L  E. 

Find  the  Area  in  the  middle  of  the  Solid^  which 
Area  multiply  by  4^  and  add  to  the  Predud  the  Area  of 
each  Bafe ;  that  Sum  multiplied  by  one  flxth  Part  of 
the  Fruftum's  Length,  will  be  the  Solidity. 

Note,  The  middle  Area  is  eafily  found  in  ftraight- 
fided  SdidSy  for  Half  the  Sum  o{  the  Sides  of  any  two 
fimilar  Bafes  is  equal  to  the  Side  of  a  fimilar  Bafe  in  the 
Middle. 

Put  a^  AB  2l  Side  of  the  greater  Bafe  of  a  fquare 
Pyramid,  b:=zGIz  Side  of  the  leffer  Bafe,    and  »  = 

/  ^  =s  its  Axis ;  then 


a  +  b 


\* 


a  +  b 


4  .V     .    *»  +  i«  X 


X4  +  4i*+A*xiA'  = 

=  Solidity  of  ^(?  if  C. 

(Fig.  64.)  "  '' 

Alfo  put  ^  =  .^  C  =  Diameter  of  the  greater  Bafe 
of  a  Cone,  1;  =  jFG  =  Diameter  of  the  leffer  Bafe,  and 

X  4  +  ^*  +  •z'*  X 


r  =  ^  B  =  its  Axis ;  then 


X  -fV 

2 


X-f-  V 


x^r-^-v^r 


X  07854 


07854  Xi'' =6^—""      ^^'^         6 

=  Solidity  of  •^FG a    (Fig.  65.) 

Or  thus ; 

=r  the  Solidity  of  the.Fruftum  ^ G  HC.  Alfo 
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Alfo  X  +v*  +**+«*  X  7854  X  i  r  =  X  +  v'  X 
I  r  +  '  '^  "  '^  X  7854  =  the  Solidity  of-the  conical 
Fruftnm  ^FGC 

Example L 

•  •  •  ^m 

There  is  9  Fruftum  of  a  fquarc  Pyramid,  a  Side  of 
irkkofe  greater  Bafe  is  24  Inches,  a  Side  of  the  leffer  Bafc 
8  Inches,  and  the  Axis  15  Feet,  required  the  Solidity. 

!•  Arithmetically. 

1  +0*6666*  +  a»  +  c'6666*  X  V  =;  r6666*  + 
2"  +  0-6666'  X  2-5  =:  28-8877  =  the  Solidity. 

2.  Logarithmically. 

The  Log.. of  :  a*6666*  +  2*  +  ^^666^  :  +  Log. 
of  2-5  =2  Log.  of  28*8877  =  the.SoHdity,. 

3.  By  the  Sfidlng  Rule. 

As  I  on  2) :  2*5  (=  4  of  15)  on  B  :  :  2*6666  (=  2. 
+  0^6^  on  2)  :  I7\8  on  B  :  :  2  fJ^'D-;  10  on  J?  : : 

'66,  &(>.  on  2>,:  1*1  on.B;  whofe,Suna  17-8  +  10  + 
II  =  28-9  =  the  Solidity, 

Example     II. 

Snppofe  the  Diameter  of  the  greater  Bafe  of  the 
Praftum  of  a  Cone  =14,  the  Diajnener  of  the  leffer 
Bafc  =  6,  and  the  perpendicular  Height  or  Length  = 
J8;  required  the  fob'd  Content  thereof. 

T  I.  Arith- 
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*  *  _ 

I.  Arithmetically. 


t^+  6*  +  14*  +  6'  X  7854  X  V  =  14  +  6*  + 
14*+  6*X7854X  3  =  1489' 1 184  it  the  folid  Content. 

2*.  Logarithmically. 

The  Log.  of  :  14  +  6*  +  14*  +  6^  :  +  Log.  of 
•'J  854  +  Log.  of  3  =  Log.  of  1489-1 184  =  the  Solidity ► 

3.  By  the  Sliding  Rule. 

-  7854  X  i  =?^  >)i^hofc  Reciptocal  J«7^—  =.  7'<539 
whofe  fquare  Root  276  fs  a  coftftant  Gange  Point  for 
conical  Frufturas  when  the  Diameters  of  their  Bafes  arc 
ufcd;  fo 

,  As  276  on  2?  :-i8f  on  5  : :  20  on  2>  :  943  on  £:: 
14  on  2>  :  4$i  on  5  :  :  6  on  2>  >  85*1  on  B  ;  then 
943  +  461  +  85'!  =  1489*1  =  Solidity  as  above. 

Example    IIL 

•    •  • 

Suppofc  the  Periphery  of  the  gteater  Bafc  of  a  coni- 
cal: Fruftum:=t  ^8,  -  the  Periphery  of  the  leffer  Bafc  = 
15,  and  the  Length  or  Height  =  24 ;  the  Solidiry. 
thereof  is  required. 

I.  Arithmetically. 


48  +  15P  +  48'  +  15*  ><  '07958  X  V  =48  + 15\" 
+  48*  +  I5»  X  '07958  X  4  s=  .2068-4433 6=  Solidity. 


•    w  * 


2.  Loga- 


Soa  Vn.  Of  So  viDz.  t^y 

2.  LqgarithmicaHf. 


ThcLog.of:48+ 15I'  +48*  +    15*  :  +  Li^.  of 
'-07958  +  L(^.  of  4  =  Log.  of  2068*44336  =  the  So* 
lidity. 

3.  By  the  Sliding  Rule. 

The     ^.^ — g  is  nearly  87,   a  conftant  Guage 

Peine  for  conical  FrnftamSy  when  the  Peripheries  of 
thdr  Bafes  are  giyen«    Then 

As  8*7  «i  2> :  24  OS  ^  :  :  63  on  !D  :  1 263*9  on  B^ 
: :  48  on  2>  :  732-8  OH  £  :  :  15  on  2)  :  71*7  on  B, 
wheie  Sum  2068*4  =  the  Solidity  as  above. 

PnoB.  LVL 
Tjofind  the  foltd  Content  of  any  irregular  Solid. 

Rule. 

Divide  the  irregular  Solid  into  as  many  regular  Ones 
as  it  is  poflibley  vhofe  Solidities  may  be  all  found  by 
ihe  Rule  in  the  laft  Problem.  But  the  praftical  Method 
of  meafuring  fuch  Solids,  is  to  take  a  Periphery  in  the 
middle  of  every  i,  2,  3,  &c  Yards,  Feet,  &c  that  is 
to  divide  the  Solid  fo,  as  that  the  Sides  (hall  be  ftraight 
from  one  divifional  Mark  to  the  next,  then  ihali  a  Pe- 
riphery taken  in  the  middle  <rf  every  fuch  Part  be  a 

T  %  nieau 
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mean  Periphery,  and  equal  to  the  Periphery  of  a  Cy- 
linder of  equal  Dimenfions  therewith,  whofc  Area  mul- 
tiplied by  its  rcfpe6Hve  perpendicular  Hdght  or 
Length,  wiU  gjyc  the  Solidity  thereof :  In  like  Man- 
ner find  the  Solidity  of  every  Part,  whofe  Sum  fhall  be 
the  Solidity  of  the  Whole. 

NotCy  The  more  Peripheries  you  take,  or  the  more 
Parts  you  divide  the  Solid  into,  the  truer  will  youf 
Work  be. 

Let  a  =  the  Periphery  cdy  b^  Periphery  gb^  cz^ 
the  Periphery  /m,  and  d  ^  the  Periphery  n  0 ;  alfo  put 
r  =  J.  r  Altitude  Z) -B,  v  ::i  E  F,  x  =  FQ,  and  2  = 
GB.    (Fig:  70.) 

Then  '07958  ^^  r  =  the  Solidity  of  ^abcj  nlfp 
•07958  i*  v  =  the  Solidity  o( aefb,  alfo  '07958  c*  x 
=  the  Solidity  of  eiif,  and  laftly,  '07958  d^  z  =  the 
Solidity  of  i  B  k\  then  -07958  a*  r  +  '07958  b*  v  + 

*o7^S^c*  ^  + -07958  rf*  z-AabC'\'aefb'\'eikS 
+  I  5i  =  the  Solidity  of  ^^C. 

Or  (horter  thus, 

« 

d'r +  i>  v  +  £'  x-YtF^z  X  7854  =  Solidity  of 

ABC. 


Ex- 
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Example. 
Suppoie  an  irregular  Solid,  as  a  Stack  of  Hay^  8cc» 
vhofe  feyeral  Dimenfioos  tdk^n,  are  as  below. 

Periph.  I  AltiuSes.     Contents. 


2o'5»  X  1*5  +  24*23 •  X  275  +  i6'2*  +  8-5*  X  r4 
X  '07958  =  2077942  =  the  Solidity,   the  fanv  as 

above. 

2.  Logarithmically. 

[The  Log.  of  20-5*  +  Log.  of  1-5  =  Log.  of 

630*3750,  the  Log.  of  24*25*  +  Log.  of  275  =  Log. 

of  i6i7*i7i9,   the  Log.  of  16*2*  =  Log.  of.  262*44, 

the  Log.  of  8-5*  4-  'Log.  of  1-4  =  Log.  of  101*15  j 

then  the  Log.  of:  630*375  +  1617*1719+  262*44  + 
IOI-I5  :  +  Log.  of  '07958  =  the  Log.  of  207*794  =- 

the  folid  Content,  as  above. 

3.  By  the  Sliding  Rule. 

As  3*54  on  2)  :  1*5  on  5  : :  20*5  on  *D  :  50*4  01^ 
Bj  as  3*54  on  T>  :  2*75  on  j5  : :  24*25  on  !D  :  1285 
on  B;  as  3*54  on  2>  :  i  on  ^ : :  16*2  on  2)  :  21  on  ^; 
and  as  3*54  on  Z)  :  1*4  on  J?  : :  8-5  on  2)  :  8  on  ^ ; 
then  50*4  +  128*5  +  ai  +  8  =  2079  as  above. 

P  R  o  B. 
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P  R  o  B.    LVIL 

To  find  the  fiilid  Content  of  the  Hoof  of  a  Cone  or 

Pyramid, 

R  u  L  E^ 

Multiply  the  fquarc  Root  of  the  Produft  of  the  two 

Diameters  by  the  lef$  Diameter,  that  Produft  fubtraft 
from  the  Square  of  the  Diameter  of  the  Hoof's  Bafe* 
multiply  the  Remainder  by  that  Diameter,  its  Height, 
and  0*2618  ;  divide  the  iaft  Produft  by  the  DifFerencc 
of  the  two  Diameters,  and  the  Quotient  is  the  folid 
Content  of  the  greater  elliptic  Hoof.  From  the  Pro- 
duft of  the  fquare  Root  of  the  Produft  of  the  two  Di- 
ameters by  the  greater  Diameter,  .take  the  Square  of 
the  Diameter  of  the  Hoof's  Bafc,  the  Remainder  mul.. 
tiply  by  the  Diameter  of  the  Hoof's  Bafe,  its  Height, 
and  0*26 1 8,  that  Produft  divide  by  the  Difference  of 
the  two  Diameters,  and  the  Quotient  i$  the  Solidity  of 
the  Icffer  Hoof. 

Put  ;^  =  .^  5  the  greater  Diameter,  -y  =  C!D  =  the 
leffer  Diameter,  and  z  =  CF  =  their  Height;   then 

elliptic  Hoof  ^5 C  Alfo^^^^7g-;^°''^'^"= 
jc  the  Solidity  of  the  leffcr  Hoof  C*D  B. 

Exf 


ScSt VH.  Of    Sol  ID  s.  143 

Example. 

Sdppofe  the  Diameters  of  two  elliptic  Hoofs  be,  the 
greater,  equal  to  14,  the  lelTer  equal  to  9,  and  their 
Heights  equal  to  25  ;  required  the  Solidities  of  each* 

Firft,  for  the  greater  Hoot 

the  Solidity  of  the  greater  Hoof. 

Secondly,  for  the  leflcr  Hoof. 

•i4X9Xi4-yyxyX25X-,6ia  ^    g^^.^^g^  ^ 

the  Solidity  of  the  leflcr  Hoof. 

The  Solution  of  this  Example,  as  alfo  of  others  of 
the  like  Kind,  is  more  conveniently  performed  arith- 
metically than  either  by  the  Logarithms  or  the  Sliding 
Rule. 

Note,  The  Solidity  of  the  elfiptic,  parabolic,  hy- 
perbolic, or  any  other  Hoof  may  be  nearly  obtained  by 
the  Rule  in  Prob.  55.  But  as  Hoofs  of  all  Kinds  (ex- 
cept the  Elliptic  which  are  ufed  in  finding  the  Drip  of 
a  Tun)  are  of  little  Ufe,  I  fhall  forbear  to  treat  any 
further  thereon. 

P  K  o  B.  LVIIL 
To  find  the  folid  Content  of  any  Globe  or  Sphere. 

Rule. 

Multiply  the  Cube  of  the  Axis  by  0-5236  or  divide  it 
by  1-909;  the  Produft  or  Quotient  is  the  folid  Content. 

Or,  " 

Multiply  the  Cube  of  the  Axis  by  ||  and  the  Pro- 
duft  is  the  Solidity.  Put 
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Put  ^  =i  *D Ess  the  A^ris  j  ijien  x^  x  0*5236  = 
0*523^  ^*  =  t:^  "17"  "  *^  Solidity  of  the  Globe 
or  Sphere  DBEOi    (Fi«.  72O 

Example. 
•  •      • 

Let  the  Axis  of  a  Globe  or  Sphere  he  =  t2  required. 
the  folid  Content  thereof. 

I.  Arithmetically, 

12'    X  0*C  2  26  = =     12'    X  TT  =  " = 

->     ->  1*909  **  21 

905-1428  =  the  folid  Content. 

2.  Logarithmically:  . 

The  Log.  of  12'  +  Log.  of  0*5236  =  Log.  of 
905-14. 

.     3.  By  the  Sliding  Rule. 

The  V, — T  =  I '3  82  a  conftant  Guage  Point. 

D       B       D        B 

Then  as  1*382  :  20  : :  2©  :  905*14  as  above. 

P  R   0   B.      LIX. 

To  Jind  the  Solidity  of  any  Segment  of  a  Globe. 

Rule. 

Add  three  Times  the  Square  of  the  Semi-diameter  of 
the  Segment's  Bafe  to  the  Square  of  the  Scgmciy's 

Height 


• 

Height,  that  Sum  multiplied  by  the  Height  of  the  Seg- 
ment, and  by  '5236,  the  Prodaft  is  the  Solidity  of  the 
Segment.  But  if  the  Axis  of  the 'Sphere  and  Height 
of  die  Segment  be  giren ;  then  fubtraft  twice  the  Scg*- 
meat's  Height  from  thrice  the  Axis,  chat  Remainder 
multiply  by  th€  Sqi^re  of  the' Height  of  the  Segment, 
and  by  •5236,  the  laft  Produft  is  the  folid  Content. 

Put  X  =:  ^Cihe  Diameter  of  the  Segment's  Bafe, 
V  =  J3 1^^  its  Heigbt,  and  g  s^  £^0  the  /b^s  of  the 
Globe.     (Fig.  72.)  ^ 

Then^! —  +v*  xv  x*5236  =  ^ h  x'*  X'5236  v 

•4  4 

^   3  af*  +  4  t^*y  *P36  V     _     i'^70^  »>  t/  ^-  2*0944  v^    ^ 

I  -  4  -* 

•3927  ;r*  V  +  '5236  v'  =  the  Solidity  of  the  Segment 
jiBChj  the  former  Part  of  the  Rule.  * 

AMb  3  2r  — 2  vK  v'x  •5236  =.3  ;?  — 2v^*5236v« 
=  r57o8  V*  z  —  1*0472  v^  =  the  Solidity  oi\A B  C 
itccoiding  to  the  latter  Part  of  the  Rule. 

Example. 

There  is  a  Segment  of  a  Globe,  the  Diameter  of 
^hofe  Bafe  is  1 8,  its  Height  =  6,  and  the  Globe's 
Axis  =  19*5 ;  required  the  Solidity  thereof. 

I.  Arithmetically. 

2  18*  X  6  X  -3927  ;  +  :  6*  X  •5231$  :  =  876-5054 
=?  ^hc  folid  Content. 
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2.  Logarithmically. 

The  Log.  of  i8'  +  Log.  of  6  +  Log.  of  '3927  =r 
Log-  763'4o88;  alfo  the  Log.  of  6'  +  Log.  of  •523^ 
=  Log.  of  ir3*o976;  then  7634088  +  H3'097<S  5? 
876'5o64  =  the  Solidity  of  the  Sqg;ment. 

3.  By  the  Slidiog  Rule. 

As  1*382  on  2>  :  6  on  JJ  : :  6  on  5?  :  1 1 3*09  —  00 
jB  :  :  9  OQ  27  :  254*46  —  on  B:  then  254*46  —  X  3 
=  7  63*40  8  9. 

By  the  lattpr  Part  of  the  Rule, 

:  6*  X  19*5  X  i'57o8 :  +  :  6'  x  1*0472 :  =  876*5o6i|. 

;=i  the  Solidity. 

Note,  The  Operation  by  the  Logarithms,  as  alfo  by 
the  Sliding  Rule  I  ha?e  omitted^  being  much  the  fame 
as  abaye. 

P  R  O  .B.     LX. 

To  find  the  fi)lid  Content  of  a  Fruftum  0r  middle  Zone 

of  a  Globe. 

R  u  I.  fs     I. 

Add  the  Square  of  the  Icaft  Diameter  to  twice  the 
5quarc  of  the  Axis  or  greateft  Diameter,  that  Sum 
inuliply  by  the  Length  of  the  Zone,  and  by  0-2618, 

the  laft  Produft  is  the  Solidity. 

'  •  •   •  . 

Put 
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Put  a  =  FG  =:  HI  =  the  Diameter  of  the  Fniftum's 

Bafc,   ^  =  ©  £  =  the  Axis  of  the  Globe,   and  x  = 

ZL  =  the  Length  of  the  Zone;  2  i*+tf*xjf  x  0*2618 

=  2  i*  +  tf*  X  0*2618  ;r  =  0-5236  h^  X  -V  o'26i8  a^ 

X  =  the  Solidity  of  the  Zone  FGHL 

E  X  A   M  P   L  E       I. 

Required  the  Solidity  of  a  middle  2one,  whofe 
Length  is  12,  the  Diameter  of  ics  Bafe  =  20^  and  the 
Axis  of  the  Globe  =  24. 

I*  Arithmetically. 
:  24*  X  12  X  ©•5236  :  +  :  20*  X   12  X  o'26l8  = 

48757632  =:  the  folid  Content  of  the  middle  Zone. 

2.  Logarithmically* 

The  Log.  of  24*  +  Log.  of  12  +  Log.  of  0*5236 
=  Log.  of  3619-1232 ;  alfo  the  Log.  of  24*  +  Log. of 
12  +  Log.  of  0*2618  ==  Ix>g.  of  125664;  then 
3619-1232  +  1256^64  =  48757632  =  the  Solidity  as 
above. 

3.  By  the  Sliding  Rule. 

'^^^\^^^8  '^'^  ^"954-  I'M,  as  1-954  on  2): 
12  on  5  : :  33*9  (=  V  •*  24*  X  2  :)on2>  :  3619*12  — 
«i  fi  : :  20  on  2>  :  .1 256*4 .— ..on  ;B* 

jyi/e.  The  Solidity  .of  the  middle  Fruftum  or  Zone 
^.i  Spheroid  may  ]« Jhad  by  this  Rule. 
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R     U      L     E      li. 

ikVTicn  the  Solid  is  lefs  than  an  hatf  Zone,  as 
HMIN;  then  add  j  of  the  Square  of  the  Zoiie*5 
Height  to  Half  the  Sura  of  the  Squares  of  its  two 
Diameters,  that  Sum  mukiplied  by  the  Height  of  the 
Zone,  and  by  07854,  the  lad  Produft  ^"ill  be  the  So- 
Iidit}\  But  if  it  be  a  like  Part  of  a  Spheroid,  multi- 
ply I  of  the  Square  of  the  Height'  by  the  Sqaare  of 
the  Spheroid's  greateft  Diameter,  that  Produft  divide 
by  the  Square  of  the  Spheroid's  Axis,  and  then  add 
the  Quotient  and  \vork  as  direfted*  in  the  fore  Part  of 
the  Rule-    {Fig.  72.) 

Let  ^  =  5  O  the  Axis  of  a  Spheroid,  b  =  2>  ^, 
its  greateft  Diameter,  x  =  HI  the  greateft  Diameter 
of  the  Part  HI MN  to  be  meafured,  v  =  MN  its 
leaft  Diameter,  and  2r  =  LP  its  Height.    (Fig.  73.) 

Then, 

X  ^*  -^  a*  = ,~  :  alio- — ~ h- —  -  X 

0*7854  2r  =  the  Solidity  of  the  Zone  HIMl^.  ' 

E  X  A  M  P  I*    E       IL 

■    Suppofe  the  Axis  of  a  Spheroid  =  40,   its  greateft 
Diameter  =30,  the  greateft  Diameter  of  the  Zone* or 

•pitrc  to  be  meafured  =r  20,  the  leaft  Diameter  =  15/ 
2nd  Height  =  jo;'  rc<jiurcd  the Sblklity  thereof. 

I.  Aritb- 


Ika.  VII.  0/  Soli  p  s,  f^^ 

Arichmeticallj. 

'-^^r +-t-'^  ^  7-8540  =  =748-9  =  the 
Solidity  of  the  Zone  or  Part  given  to  be  meafured. 

NoU^  ^Elxamples  of  this  Kind  are  nsore  conveniently 
isvroughc  by  the  Fen  than  by  any  other  Method* 

Example    HI. 

Suppofe  the  Part  or  Zone  be  that  of  a  Globe,  and 
Dimenfions  the  fame  as  in  the  lafl  Example,  required 
the  folid  Content  thereof. 

I.  Arithmetically. 

1?!.+-J5:i  x-^^^*  X  r8s'4  =  2977^92164  =  the 

Solidity. 

2.  Logarithmically. 

The  Log.  of  ^^  ■  -^^  =  Log.  of  3 1 2*5,  the  Log. 

--^  ^^-  =  Log.  of  66^666  i   then  the  Log.  of :  3 12*5 

+  6&666  :  +  Log.  7*854  =  Log.  of  2977-92264  = 
the  Solidity  as  above. 

3.  By  the  Sliding  Rule. 

As  1-128  on  2)  :  10  on  B:  :  20,  15,  and  10  on  !Z> 

.)  3  fuch  Numbers  on  ^,   as  that  if  to  i  the  Sum  of  the 

two  firft  be  added  |  of  the  Laft,  the  Sum  fliall  be  the  fo- 

-Jul  Content  of  the  Zone  =  2977*922  64.  J^rob* 
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P  &  o  B.  LXI. 
Tojind  the  Solidity  of  any  tight  or  oblate  Spheroid. 

Rule. 

Multiply  the  Square  of  the  Spheroid's  greateft  Dia- 
meter by  the  Axis,  that  Produft  multiply  by  0*5236, 
or  divide  by  1*909,  the  Produft  or  Quotient  is  the 
Solidity. 

That  is  put  a=:  BO  the  Axis  of  a  right  Spheroid, 
and  *  =  2>  £  its  greateft  Diameter ;  alfo  put  *  =  2>  £ 
the  Axis  of  an  oblate  Speroid,  and  a  =  BO  the  greateft 
Diameter  thereof.    Then  b*  a  x  0*5236  =  0*5236 

^'  tf  =  -;*''-  =  the  SoKdity  of  the  right  Spheroid :  Alfo 

A^b  X  0-5236  =  0-5236  a^  b  =•  ^- —  =  the  Solidity 

1*909 

4)f  the  oblate  Spheroid.     (Fig.  73.) 

Example. 

S.uppofe  the  Axis  of  a  right  Spheroid  =  40,  and  the 
JDiamqter  of  its  greateft  Circle  =30,  or  the  Axis  of  an 
oblate  Spheroid  =30,  and  its  greateft  Diameter  =  40  j 
jeg^uirRd  .ifee  folid  Content  of  each. 

jFirft,  for  the  right  Spheroid. 
I.  Arithmetically. 
^  %j^%S^^^%lt  =  ^^T~    =  1 8849-6  jSolidity. 

2.  ix>gji- 
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2.' Logarithmically. 

The   Log*  of  30'  +  Log.  of  40  +  Comp.  AritK 
Xog.  of  1*909  =  Log.  of  i88i}9-6  =  the  Solidity. 

3.  By  the  Sliding  Rule. 
r>        B       D  B 

As  I'gSi  :  40  ,• :  30:  188496*6  =  Solidity. 
Secondly^  for  tl^e  oblate  Spherpid. 

T.  Arithmetically, 
40'  X  30  X  0-5^36  =  '^^^^  -  25132-8  =  Solidity. 

2,  Logaiithmicsilly. 

The  Log.  of  40*  +  Log.  of  30  +  Comp.  Arith.  of 
pit  Log.  of  1*909  =  Log.  of  25i32'&  =  Solidity. 

3.  By  the  Sliding  Rule. 

D        H      D        B 

As  r382  :  30  : :  40  :  25i32«8  =  the  Solidity. 

r         '  • 

Pjlob.  LXIL 
To  find  the  Solidtty  rftbe  Segment  rf  a  Spheroid.  (F.  73.) 

Rule. 

« 

By  Prob.  $%  ^^^  the  Solidity  very  cxaftly,  by 
laying  the  Spheroid's  Axis  and  Height  of  the  Segment 
giyen ;   and  then  it  will  be^  as  the  Square  of  the  faid 

Axis 
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Axis :  Segment  thus  found  : :  tkA  Square  of  the  Sphe- 
roid's greateft  Diameter  :  the  Splidity  of  the  Segment 
required. 

Put  X  =  ^C  "=  Diam.  fpheroidal  Segment's  Bafc,  v 
=  J5  2,>  its  Height,  and  z  z=.  RO  the.  Axis ;  alfo  let  r 
=  ©  £  =  the  greateft  Diameter  of  the  Spheroid. 
(Fig.   73-) 

Then  1*5708  v*  z  ^  1-0472  v^-^i  the  SoKdify  of 
the  Segment^     if   it  was  globular  :   then  as  ^*    : 

— „r — — ^         ,     i'C7o8v*zr»  —  i'0472t;'r» 

i'57o8v*2r— i'0472  v^  ::r*;  ^  --^ ^^ ^ 

:=  the  Solidity. 

.1  ,  . 

Example; 

Let  the  Diameter  of  tlie  Segment  of  a  Spheroid 
cither  right  or^oblaje,  -be  jg,  its  Height  6,  .and  i^xis 
of  the  Spheroid  1,9-5  ;  alfo  let  .the  greateft  Diaipeter 
of  tiie  Spheroid  be  14,  required  the  Solidity  of  the 
fpheroidal  Segment. 

I.  Arithmcticftfly. 

According  to  the  Example  in  Prob.  $()y  the  So-r 
lidity  of  the  Segmetrt  (pfoTidcd  it  was  globular)  is 

.        *      o   •  •     876'c  X  14* 

876-5 ;  dicn  as  19-5'  :  ii^&.s  •  v  M    •  ^  -'[^r^^"    = 

45175)  =  the  Solidity  of  the  fpheroidal  Segment. 

•  « 

2>  Lqgarithtnicaliy. 

The  Log.  of  876*5  4-  Log.  of  14*  4-  Comp.  Arirh. 
Log.  of  I9*5'  =  Log.  of  45179  =  the  Solidity. 

3.  By 
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3.  By  the  Sliding  Rule. 

D        S  D        B 

As  19*5  :  8765  : :  14 ;  45179  =  Solidity. 

P  R  o  B.   LXIIL 
fo  find  the  Solidity  of  a  farabolic  Conoid f 

Rule. 

JMuItipiy  the  Area  of  the  Bafe  by  Half  the  Axis;  Ac 
Produd  is  the  folid  Content. 

Rit  AT  =  w^C  =  Diameter  of  its  Bafe,  and  v  =r  52> 

=  the  Axis ;  then  07854  ;r'  x  "^  =  ^7854j[li:  ^   ^^e 
Solidity  of  the  parabolic  G)noid  ABC.    (Fig  .  74.) 

Example. 

Let  the  Diameter  of  the  Bafe  of  a  parabolic  Conoi4 
be  30,  and  Axis  50  j  required  the  Solidity. 

1.  Arithmetically. 
#7854  x^3o^  X  50  ^  jy^y ,.^  ^  Solidity. 

2.  Logarithmically. 

The  Log.  of  07854  +  Log.  30'  +  Log.  of  50  + 
Comp.  Arith.  Log.  of  2  =  Log.  of  j  7  67 1*5  • 

3.  By  the  Sliding  Rule. 

D      B       D        B 

A?  1*128  :  25  : :  30  :  17671*5  =  Solidity  as  aboye 
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P  K  o  B.    LXIV. 

?V  find  the  S^Kdity  of  the  Frufium  of  a  faraboUe 

Conoid. 

Rule. 

-Multiply  the  Sum  of  the  Squares  of  the  two  Diame- 
ters by  the  Froftum's  Height,  that  Produft  multiplied 
by  0*3927  or  divided  by  2*5464,  will  give  the  Solidity 
of  the  Fruftum. 

« 

Suppofe  ;r  =  the  greater  Diameter  JiCy  v^  leffer 
Diameter  E  F,  and  a  =  the  Height  of  the  Fruftum 
=  2>  G.    (Fig,  74.) 

Then  a  x*  +  av*  x  0-3927  =  ■  ^  - —  =  Solidity 
of  the  Fruftum  jiEFC. 

Example. 

Let  the  Diameter  of  the  greater  Bafe  be  =  45,  the 
Diameter  of  the  leffer  Bafe  =  30,  and  the  Height  o^ 
the  Fruftum  =  42 ;  required  the  Solidity. 

J.  Arithmetically, 

45*  +  .3^     X  42  X  0-3927  =   ^^sWa "= 

^8243*i95  =  Solidity  of  the  Fruftum. 

2.  Logarithmically. 

The  Log.  of  :  45*  +  30'  :  +  Log.  of  42  +  Log. of 
^'3927  =i  Log.  of  48243*  195  =  Solidity  as  above. 

3.  Bjr 
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3.  By  the  Sliding  Rule. 

As  1595  (=  y 3S2P  ^°  2>  :  42  on  i?  : :  45  and 

30  on  2)  :  33399  and  14844  on  B  whofe  Sum  48243 
is  the  Anfwer. 

P  K  o  B.     LXV. 

To  find  the  Solidity  of  an  hyperboFtc  Conoid. 

Rule. 

Every  hyperbolic  Conoid  being  /j  of  its  circum- 
fcribing  Cylinder ;  therefore  multiply  the  Square  of 
the  Diameter  of  the  Bafe  by  the  Height,  that  Produft 
multiply  by  0*3272  (=tj  of  7854)  or  divide  by  3*05  ; 
thc.Produft  or  Quotient  is  the  folid  Content. 
.  That  is,  put  a  —  BT)  —  the  Altitude,  and  x  = 
•/rfC  =  the  Diameter  of  its  Bafe  ;  then  jr*  j  x  0*3272 

=-;—  =  the  Solidity  of  the  hyperbolic  Conoid  ^BC. 
(Fig.  750 

£  X  A   M   P   L   E. 

Suppofe  the  Diameter  of  the  Bafe  =50;  and  its 
Height  =  60  J  required  thtf  SoJidfty  of  the  Plyperbo- 
lic  Conoid. 

1.  Arithmetically. 

50*  X  60  X  0*3272  =r  ^^  ^  *^'  =  49080  =r  the  folid 
Content  required. 

2.  Logarithmically. 

The  Log.  of  50*  4-  Log.  of  60  4-  Comp.  Arithmcr. 
©f  the  Log.  of  3*05  =  Log.  of  49080  =  Solidity. 

X  2  ■'  3.  By 
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3.  ^  the  Sliding  Role. 

.   D     B   .    D       B 

As  174  :  60  : :  50  :  49080  the  fame  as  a6oTe« 

P  R  o  B.  LXVI- 
^0  find  the  Solidity  of  a  farabolic  Spindle. 

Rule. 

Every  parabdic  Spindle  is  Vj  of  its  circumfcribiog 
Cylinder ;  therefore  multiply  the  Square  of  the  greateft 
Diameter  by  the  Axis,  that  Produft  multiplied  by 
0*41888  (=  T7  of  0*7854,)  or  divided  by  2*3873,  wiW 
give  the  folid  Content. 

Put  X  =  ^B  the  Diameter  of  its  greateft  Circle, 

and  V  =z  C2)  its  Axis.  Then  vx*  x  0*41888  =  — z — 

2-3«73 

ss  the  Solidity  of  the  parabolic  Spindle  ^CBID. 
(Fio.  76.) 

Example. 

Let  the  greateft  Diameter  of  a  parabolic  Spindle  be  =s 
40,  and  its  Axis  or  Length  =60  j  required  the  Solidity, 

r.  ArithmeticalTy. 

40'  X  60  X  o'4i888  =  ^^—-^  =  40212-48  s  the 

folid  Content. 

2.  LogarithmicalJy. 

The  Log.  of  40*  +  Log.  of  60  +  Log.  of  0*41888 
=:the  Log.  of  40212^48  as  above.  3.  fiy 
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3.  67  the  Sliding  Rule. 

As  1*545  (=  '/2'3873)  on  !D  :  60  ob  ^  : :  40  oa 
!D  :  402 1 2-48  on  5  =  the  Solidity. 

PROB.    LXVIL 

To  find  the  Solidify  of  the  Frujlum   of  a  pdraboHc 

Swindle. 

Rule. 

Add  the  Square  of  the  leaft  Diameter  to  rwo  Thnes 
the  Square  of  the  greatcft  Diameter ;  muhiply  the  Dif- 
ference between  that  Sum  and  Vr  of  the  Square  of  the 
Difference  of  the  two  Diameters  by  the  Length,  that 
Produd  multiply  by  0*2  6 18,  or  divide  by  3*81^,  and 
the  ProduA  or  Quotient  is  the  Solidity. 

For  put  V  =  JE  jF  =  G  Hzr  the  leaft  Diameter,  x  n 
J  2)  =  the  grcateft  Diameter,  and  ^  =  mn  =  its 
Length.  

Then  2  ;^«  +  ^'  —  ^^*'^'''  :  x  0-2618  x  ir  = 


t2x»z4-^'g  — 4Xx-t;   z  _  ^^^  Solidity. 
5-819 

Example. 

Suppofe  the  middle  Fruflum  of  a  parabolic  Spindle^ 
%hofe  grcateft  Diameter  is  34,  leaft  Diameter  2  6  and 
Length  or  Height  =50;   required  the  folid  Content 

thereof. 

I.  Arith- 


158  Mensuration  Book  II. 

I.  Arithmetically. 


34 


'  X  2  +  26*  ,,.4X34-26*  :  X50X  o*2di8 

10 

34*  X  2  +  26'!-: '4X34^26'  :  X50   ^   28777-8 

3-819 

the  folid  Content. 

2.  Logarithmically. 


The  Log.  of  :  34*  X  2  +  26*  :  —  :  '4  X  34  —  ^6* 
:  4.  Log.  of  50  4-  Comp.  Aritmet.  Log.  3*8 19  —  ==* 
Log.  of  38777*8  =  the  Solidity, 

3.  By  the  Sliding  Rule 

As  i'954  on  jD  :  50  on  J? : :  34,  26,  and  8  on  9 
:  15132,  8848*8,  and  837-8onJ5;  then  15132  x  2  4- 
88488  — T»  of  8-J7-8  =  38777-68  =  Solidity  as  above- 

NotCy  Ihc  Rule  in  Prob.  54,  being  general  for 
finding  the  Solidities  of  all  Solids,  the  Content  of  the 
laft  mentioned  Frtiftum  may  be  found  thereby,  by 
finding  a  Diameter  in  the  Middle  between  the  two  given 
Diameters,  which  mean  Diameter  may  be  obtained 
cither  by  aftual  Meafuring,  or  by  the  following 

Rule. 

To  three  Times  the  greater  Diameter  add  the  lefs 
Diameter,  the  Quote  of  that  Sum  divided  by  4  will 
give  a  Diameter  in  the  Middle.  Or  becaufe  Diameters 
are  as  their  Peripheries,  you  may  ufc  the  Circumfe- 
rences or  Girths  inflcad  of  the  Diameters.  Put 
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For  putting  (as  before)  x  =  i  2>  and  «  =  £  F  or 
G  H;  then  ll-tl = the  Diameter  in  the  Middle.  (F.  7  7.) 

I.  Arithmetically. 

_34jL3_±i^  _  22  _  tljg  Diameter  in  the  Middle. 

4  ' 

Then  by  Prob.  54.  32*  x  4  +  34'+  26'  x  7854  x  V 

=  32  X  2|'  +  34*  +  26'=  -1309  (=i  of  7854)  X 
50  =  31>l£l+3il+if2LL°=  38795,  which  differs 
from  the  Content  found  by  the  particular  Rule  juft 

3.  By  the  Sliding  Rule. 

As  2764  on  D  :  the  Height  50  on  5  :  :  64  (  = 
twice»32),  Jind  34,  and  26  on  2) :  thrqe  Numbers  on  B, 
whofe.Sum  is  the  Content. 


SECT.    VIII. 

MENfiORATIOW  of  SOVIO    TIMBER. 


P  R  O  B.  LXVIII. 

Ends  are  equal,  parallel,   andjmilar ;  to  find  the 
.  length.   Breadth,  Deftb,  or  Thicknefs  required  to 
Tnake  any  fropofid  Content. 

Jtv  tJ  L  £ 
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Rule. 

Divide  the  propofed  Content  l^y  the  Area  of  the 
Bafc  or  Side  of  the  Solid,  and  the  Quotient  will  be  the 
Length,  Preadth,  Depth  or  Thickncfs  required. 

Example    I. 

Suppofe  a  Piece  of  Timber  i  o  Inches  broad,  and 
4  Inches  deep ;  what  Length  muft  be  taken  to  make  2 
foIidFeet; 

2  '44  X  2    _     1728  X  2  - 

- — : =    -^-^ =  — • =  7*2  Feet 

•8333X*3335         '^^4  10X4X12         /-^^cci 

the  required  Length. 

2.  Lqgarithmicfill^. 

The  Log.  of  :  144  X  2  :  —  Log.  of  :  10  x  4  :  == 
Log.  of  7*2  =  Anf. 

•  3.  By  the  Sliding  Rule. 

As  •8333  on  B  :  '8333  on  2)  :  :  '3333  on  B  :  '524 
on  !D,  a  mean  Proportion  between  the  Breadth  and 
Depth.  Then,  as  -524  on  2>  :  2  on  jB  :  :  i  on  2) :  7-2 
on  £  :?  the  Anfwer. 

Example     IL 

• 

Suppofe  the  Depth  =  4  Inches  and  Length  =  7*2 
Feet^  what  Breadth  is  required  to  make  2  cubic  Feet, 

I.  Arithr 
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I.  Arithmetically. 

2  144  X  2  1728   X   2  T      1_     I. 

77,lcT  -  rTlw  =  7-2X4X1,  =  lolnch the  re-^ 
qnired  Breadth. 

2.  Logarithmically. 

The  Log.  of  2  +  Comp.  Arith.  Log.  of  yj\  x  i=^ 
10  Inches  the  Breadth* 

3,  By  the  Sliding  Rule. 

As  1-^4  (a  mean  Proportion  between  7-2  and  o'33, 
&C.)  on  2)  :  2  on  •/i : :  i  on  2>  :  o'833— on  ^^  =  10 
Inches  the  Breadth. 

E  X  AM   P   L  E      III. 

Jjtt  the  Length  -be  7*2  Feet  and  Breadth  =  i  o  Inches, 
required  the  Depth  or  Thicknefs  to  make  2  folld 
Feet. 

I.  ArithmetlcaUf. ' 
_^«_=  I44JL1  =  _l71?jy_  =  4  Inches  the 

1-iv^i        7'2  X  10         7*2  X  10X12       ^ 

required  Depth. 

2.  Logarithmically. 

The  Log.  of :  1728 X  2  :-.Log.  of :  7'2  X  10  X  la 
:s  Log  of  4  Inches,  « 
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3.  By  the  Sliding  Rule. 

As  2*45  (a  mean  Proportion  between  7*2  and  o'8j 
— )  on  2)  :  2  on  ^  : :  I  on  2>  :'o*^^  —  (=  4  Inches) 
on  ^,  the  Aufv^er. 

E  X  AM  P  L  E      IV. 

Suppofe  a  Cylindrical  Solid,  the  Diameter  oF  whofc 
Bafe  is  i|  Foot;  what  Length  thereof  is  required  ta 
make  up  5  j  folid  Feet  ? 

I.  Arithmetically. 

The  Area  of  the  Bafe  (by  Prob.  34.)  is  17672. 
Then  --^  =  3-1 12  -  Feet  =  the  Length  required. 

2.  Logarithmically. 

The  Log.  of.  5-5  —  the  Log.  of  17672  =  Log.  of 
3-112  Feet  the  Length  required  to  make  up  c^  folid 
Feet. 

3.  By  the  Sliding  Rule. 

As  17672  (=  Area  of  the  Bafe)  on  •^^r  i  on  J5 : :  5*5 
on  •/^ :  3-112  on  jB  =  the  Length  required,  as  above. 

P  R  O  B.     LXIX. 

To  find  the  Solidity  of  equaUfided  Timber^  whofc  Saf$s 

are  equal  ondfaralleL 

Rule. 

Multiply  the  Square  of  one  of  its  Sides  by  the 
Length,  for  the  Solidity.  There 


v. 


k    • 
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£  X  A  M  F  L   £•• 

There  is  a  Piece  of  Timber  14  Inches  fquare,  and 
18  Feet  long;  how  manj  folid  Feet  are  contained 
therein  ? 

1.  Arithmetically. 

144  144  X  12  ^* 

Feet  the  Solidity. 

2.  Logarithmically. 

The  Log.  of  14*  +  Log. of  i8  +  G)mp.  Arith.  Log. 
of  144  =  Log.  of  24^  Feet,  the  Solidity. 

3.  By  the  Sliding  Rule. 

As  1 2  on  2)  :  1 8  on  J5 :  :  14  on  2>  :  24I  Feet  on  A 

;=  the  Solidity. 

Or, 

As  1  oa  ©  :  18  on  jB  : :  vi6^  on  2>  :  245  on  B^ 
as  above. 

P  R  o  B.    LXX. 

Toffid  the  Solidity  of  unequaUfuUd  Timber j  having  the 

fame  equal  and  parallel  Bafhs. 

Rule. 

The  Produft  of  the  Length,  Breadth  and  Depth  is 
the  Content. 

Example. 

How  many  folid  Feet  are  contained  in  a  Piece  of  Tim- 
l>er  1 3  Inches  broad,  9^  deep,  and  20  Feet  long? 

Y  2  T.  Arith- 
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1.  Arithmeticallj. 

I  tV  X  ii  (=  9i  Inches)  x  20  =  "^^g-l"^  =r 

144  1728  ^  *°T^  ""  10  7014 

Feet  the  Solidity. 

2.  Logarithmicallj^ 

The  Log.  of  I7V  +  Log.  1;  +  Log.  of  20  =  Log. 
of  i6|^4=  167014  Feet. 

3.  By  the  Sliding  Rule. 

As  12  on  2) :  20  on  J5  : :  10*94  (^  ^^^  JPrpportioq 
between  13  and  9^)  on  T>  :  167  on  JS  =  the  Solidity 
the  fame  as  aboye. 

Prob.   LXXL 

To^nd  the  Solidity  of  Timber  whofi  Sides  and  Bafes  arc 
unequal y  viz.  the  Solidity  of  tapering  Timber. 

Rule. 

Take  the  Breadth  and  Depth  in  the  Middle  of  the 
Solid,  or  rake  Half  the  Sura  of  the  Breadths,  and  alfo 
Half  the  Sum  of  the  Depths  at.  the  two  Ends  fpr  a 
mean  Breadth  and  Depth,  (or  a  Breadth  and  Depth  in 
the  Middle)  which  multiplied  into  the  Length,  will 
give  the  folid  Content.  Or  you  may  find  the  Solidity 
by  Prob.  ^^. 

E  X- 
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£  X  A  U  P   L  £. 

How  many  folid  Feet  are  contained  in  a  Piece  of 
Timbw  15  Inches  broad,  and  10^  Inches  deep  at  one 
End,  9  Inches  broad  and  47  deep  ^t  the  other  End, 
and  1 8i  Feet  long  ? 

1.  Arithmetically. 

"T~  ^ r^^^^f a  X  2  X  144  (=  S7«) 

.4Xx5Xi8iXi.    ^  ^  p        ^^ 

576  X  12  **^  -^ 

Solidity. 

2.  Logarithmically. 

The  Log.  of  '^^  +  Log.  of  '-^^^  +Log.  i8i 
=:  Log,  of  1 3 TIT  =  1 1' 5 62  Feet  the  Solidity* 

3.  By  the  Sliding  Rule. 

As  1 2  on  jD  :  1 8*5  on  ^  : :  9*5  (a  mean  Proportion 
between  i^  and  i2:21±£7i)  on  JD  :  ii-cd-on  B, 
as  above.  ' 

P  n  o  B.    Lxxn. 

^0  find  the  Solidity  of  round  T'imber  wbofe  Bafes  an 

equal  and  paralleh 

Rule. 

The  common  Method  of  raeafuring  Timber  of  this 
Sort,   is  to  take  :ith  Part  of  the  Circumference  for  a 

Side 
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Side  of  a  mean  Square,  which  fquar'dy  and  muUipIied 
by  the  Length,   the  Produft  is  the  folid  Content. 

But  that  this  Method  is  falfe,  is  proved  thus :  Sup- 
pofc  the  Circumference  to  be  i,  one  fourth  thereof  is 
•25,  which  fquar'd  is  -0625  =  the  Area  according  to 
this  falfe  cuftoraary  Method ;  but  we  know  from  other 
Principles,  that  the  Area  of  a  fircjc  whofe  Circumfe- 
rence is  I,  is  '07958,  therefore'  the  true  Area  will  be 
to  the  falfe,  as  '07958  is  to  '0625,  which  is  nearly  as 
5  is  to  4;  and  hence  the  true  Content  will  be  to  the 
falfc,  in  the  Proportion  of  5  to  4,  or  very  near  it ; 
which  makes*  it  evident,  that  the  falfe  Content  is  Icfs 
than  the  true,  by  upwards  of  a  fifth  Part. 

And  therefore  in  meafuring  Timber,  &c  according 
to  this  falfe,  cuftomary  Method,  there  is  always  j  Part 
of  the  true  Content  loft  or  rcjefted.  The  true  Con- 
sent of  Solids  of  this  Form^  is  had  from  Prob.  53. 

Example. 

How  many  folid  Feet  are  contained  in  a  Piece  of 
Timber  whofe  Circumference  is  56  Inches,  and  Length 
.   14  Feet? 

I,  Arithmetically. 

4  ^  M4  1728    ^  '^'^-^ 

19*055  Feet,  the  folid  Content  according  to  the  falfe 
Method.  But  the  true  Content  by  Prob.  53,  is  24*25 
Fecf,  which  exceeds  the  other  by  5*2  Feet. 

2.  Loga* 
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2.  LogaritbmicaUy. 

•  « 

The  Log,  of  iii   +  Log.  of  14  =  Log.  of  19*055 

4 

Feet  =  Solidity  according  to  the  common  Method. 

•     •  • .  ' 

3,  By  the  Sliding  Rule. 

As  12  on  2)  :  ^4  on  j&:  •  14  (  =  i  of  56)  on  2)  : 
19-05  on  JB, 

PROB.    LXXIIL 

To  find  the  Solidity  of  round  Timber  whofe  Safes  are 

-    /    unequal. ' 


Ru 


L  E. 


Take  the  Circumference  in  the  Middle,  cither  hf 
meafuring,  or  by  taking  Half  the  Sum  of  the  Periphe- 
ries of  the  two  Ends  for  a  mean  Periphery  (or  a  Pc- 
phery  in  the  Middle  of  the  Solid),  one  fourth  Part  of 
which  multiplied  by  the  Length,  will  give  the  Solidity, 
This  is  the  common  Method  ufed  by  Carpenters, 
Joiners,  &c. .  and  is-  likewife  liable  to  the  fame  Error 
as  before.  The  true  Content  is  obtained  by  Prob.  55, 
by  confidering  it  as  a  Fruftum  of  a  Cone,  which  it  really 

is. 

Example. 

There  is  a  Piece  of  Timber  of  a  tapering  Form, 
whofe    mean  Circumference  is  42*5  Inches  and  Length 
8  Feet ;   required  the  Solidity. 

I.  Arirh- 
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t.  Arithmetically. 


4 


1 


X8=:^ 


^f  xaxia 


X  8  -^  144  =  .jj 1:  =  6-125 

17^9 
Feet  =  the  folid  Content  according  to  the  cuftomarj 

Method. 

2.  Logarithmlcallf^ 

The  Log.  of  n   +  Log.  of  8  =  Log.  of  &12S  fo- 

4 
lid  Feet  as  above. 

« 

3.  By  the  Sliding  Rule- 

As  12  on©:  Son  i^::  10-625  (=::J  of  42*5)  on2> 
:  6*125  Feet  on  B,  =  the  Solidity^  and  the  fame  as 
ibovc. 


BOOK      III. 

Plain  Trigonometrt,    or /^6^  Doctrink 
of  Plaii^  Triangles. 

Definitions. 

1.  By  plain  Trignomctry  we  find  the  Quantity  of  * 
the  Sides  and  Angles  of  plain  Triangles,  either  right 
or  oblique  angled. 

2.  The  Chord  of  an  Arch  is  a  Line  drawn  from  one 
End  of  the  Arch  to  the  other,  as  JE  jB  is  the  Chord  of 
the  Arch  5£.    Fig.  78.  3.  The 
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» 

g.  The  Sine  of  an  Arch  is  Half  a  Chord  of  double 
the  Arch ;  as  2>  £  is  the  Sine  of  the  Arch  B  E,  and 
is  perpendicular  to  CB. 

4-  The  0)fine  of  an  Arth  is  the  Diftance  of  the 
Sine  from  C  the  Center  of  the  Circle;  as  CD  (=  G  E) 
is  the  Cofine  of  the  Arch  BE,  or  the  Sine  of  the 
Arch  B  E,  or  the  Sine  of  the  Arch  ^E. 

5.  The  Complement  of  an  4rch  is  what  it  wants  of 
^  Quadrant  or  90  Degrees  ;  as  yiEis  the  Complement 
of  the  Arch  B  E^  (the  Arch  ^EB  being  a  Quadrant.) 

6.  The  Supplement  of  an  Arch  is  what  it  wants  of 
a  Semicircle  or  180 Degrees;  as  the  Arch  I^E  is 
the  Supplement  of  the  Arch  BE. 

7-  The  verfed  Sine  of  an  Arch  is  the  Diftance  be- 
iween  the  Sine  and  the  Periphery ;  as  DB  is  the  verfed 
Sine  of  the  Arch  BE. 

8.  The  covcrfed  Sine^  of  an  Arch  is  the  verfed  Sine 
of  its  Complement ;  as  G  ^  is  the  covcrfed  Sine  of  the 
Arch  BEf  or  the  verfed  Sine  of  its  Complement  ^E. 

9.  The  Tangent  of  an  Arch  is  a  Line  drawn  to 
touch  the  Arch  at  one  of  its  Ends,  and  is  perpendicu- 
lar to  a  Line  drawn  from  the  Center  of  the  Circle  to 
the  Point  of  Contaft;  which  tangential  Line  is  cut 
by  another  Line  drawn  from  the  Center,  and  paffing 
through  the  other  End  of  the  Arch ;  as  5  F  is  a  Tan- 
gent to  the  Arch  JB  E,  being  cut  by  the  Line  C  E 
Jpaffing  through  £,  in  the  Point  F. 

10.  The  Cotangent  of  an  Arch  is  the  Tangent  of 
that  Arch's  Complement ;   as  •/^  JC  is  the  Cotangent  of 

the  Arch  B  E,  or  the  Tangent  of  its  Complement  .^E. 

Z  II.  The 


«' 
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II.  The  Semi  tangent  of  an  Arch  is  the  Tangedt  of 
Half  that  Arch ;  d$  C  if  is  the  Semitangcm  <rf  the  Arch 
BKx  For  a  Line  IE  being  drawn  from  /  to  £,  (the 
Extremity  dt  the  Arch  BE)  will  iilterfeA  AC\vlH\ 
{<^  is  C/f  the  Tangent  of  the  ->:  C///,  which  (by  the 
20.  Euc  3.)  is  Half  the  ^  B  CF. 

12.  The  Secant  of  an  Arch  is  a  Dne  drawn  from  the 
Ccnterof  the  Circle  through  the  extreme  Partof  theArchj 
and  contmued  'till  it  interfed  the  tangential  Line  there- 
of;  as  CjF  is  the  Secant  of  the  Arch  B  E.  (Fig.  78.) 

1 3.  The  Cofeont  of  an  Arch  is  the  Secant  of  its 
Complement ;  as  CA* is  the  Cofecant  of  the  Arch  BE, 
or  the  Secant  of  its  Complement  */iE. 

14.  A  Degfee  is  the  360th  Part  of  the  Periphery  of 
a  Circle,  for  all  Circles  great  or  fmall  are  underftood  to 
have  their  Peripheries  divided  into  360  equal  Parts  or  Di. 
vifions  called  Degrees,  and  each  of  thefe  Degrees  is  fup* 
pofed  to  be  fubdivided  into  60  equal  Parts  called  Minutes, 
and  each  Minute  into  60  other  equal  Parts  called  Se- 
conds, and  each  Second  into6o  equal  Parts  called  Thirds, 
&c.  

>-  —  ■    I  ■    I     11 .    ,  r-  .iwi  I  .J, I 

SECT.    L 

Proportions  for  folving  the  feveral  Cafes  of  right 
and  oblique  angled  plain  Triangles. 


P  R  o  p.     L 

In  any  right  angled  Iriangle  ABC,  if  the  Hypothec 
nufe  kt  be  made  the  Radius  of  a  Circle,  then  wiU  the 

Legs 
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Legs  ^  R  and  BC  be  the  Sines  of  their  oppofite  An, 
gks  C  and  A ;  but  if  one  Leg  h,^  be  Radius,  the  Hy-^ 
potbenufe  A  C  will  be  Secant,  and  the  other  l^g  B  C  the 
Tangent  of  the  oppofite  Angle  A  :  and  what  proportion 
fiever  the  Side  made  Radius  hath  to  Radius,  the  fame 
Proportion  bath  the  other  Sides  to  the  Sines^  Tangents^ 
or  Secants  by  them  reprefented.     Therefore  it  will  be, 

AS  Radius: 
To  the  Hypochenufe  AC:t 
So  is  the  S  of  the  -cC  C : 
TothcBafe^-5:: 
So  is  the  CoC  of  the  -^  C : 
To  the  Perpendicular  B  C    (Fig.  79.) 
By  inverting  the  Terms  of  the  Analogy,    you  will 
vrS\  gain  the  Quantity  of  the  Angles  A  and  C 
Again,  making  the  Bafe  A  B  Radius  it  will  be. 
As  Radius  : 
To  the  Bafe  ^5.:: 
So  is  the  Tan,  of  the  -^  ^ : 
To  the  Perpendicular  BC : : 
So  is  the  Sec,  of  the  -^^  ^ : 
To  the  Hypothenufe  A  C. 
The  Terms  of  this  Analogy  being  inverted,  the 
Quantity  of  the  Angles  will  be  difcovcrcd  the  feme  as 
before. 

Prop.    II. 

In  any  Triangle  ABC,  the  Sides  are  proportional  to  the 
the  Sines  of  their  oppofite  Angles  ;  and  therefore  it  is, 

Z  2  As 
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As  the  Side  or  Bafe  A  B  : 

To  the  S.  of  its  oppofite  .^iL  C:  : 

So  is  the  Side  v4  C : 

To  the  S.  of  its  oppofitc  .^^  B  :  : 

So  is  the  Side  BC  : 

To  the  Sine  of  its  oppolite  -^  A. 


Prop.    IIL 

In  any  Triangle  ABC. 

As  the  Sums  of  any  two  Sides  AB  +  AC: 
To  their  Difference  AB-AC:: 

Tan.  Half  the  Sum  of  their  op.  Angles,  Tan. : 

Tan.  Half  their  Difference,  Tan. 

Then  the  half  Difference  of  the  Angle?  added  to 
and  fubtrafted  fronv  the  Half  Sura,  the  Sum  in  thefirft 
Cafe  and  Difference  in  the  latter,    will  give  the  greater 

{7  -i-  S      C-^  B 

and  leffcr  of  the  required  Angles;  that  is  ■  ■     ■  + 


O    .   '  .  2  2 


=  greater  -c^  C,  and  — ^t =  leffer  ^^^^  B. 

2  3 

Or  the  Cotangent  of  Half  the  included  Angle  may 
be  ufed  inftead  of  the  Tangent  of  Half  the  Sura  of  the 
oppofite  Angles,  for  the  Complement  of  Half  an  Arch 
is  equal  to  Half  the  Supplement  of  the  whole  Arch ; 
and  therefore  it  will  be, 

As  Sum  of  the  Sides  AB  +  AC: 

ft  ■ 

To  their  Diffefence^5 4C:  : 


Cotan.  of  Half  the  included  Angle,  Cotan.  i-s:i^T 
Tan.  Half  the  Difference  ^^$  -^^^^. 

•     '  Prop. 
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Prop.    IV. 

In  all  right  lined  Triangles  wbaffoew^ 

As  the  longed  Side  or  Safe  ^  B  : 
Sum  of  the  other  two  Sides  ^C  +  BC : : 
Difference  of  the  faid  Sides  ^C^BC: 
Differ,  of  the  Seg.  of  the  Bafe  ^7>  -  J?2)  =:^E. 

Then H =  greater  Segment  ^2>,  and  — * 

~  =  the  leffer  Segment  B  2).    (Fi  g.  81.) 

SECT.    It 

The  Solution  of  the  fever  al  Cases  ^/>fa/».  Triangles 

both  right  and  oblique  angled. 


BY  the  foregoing  Propofitions,  the  fcveral  Cafes  of 
plain  Triangles  maybe  folved;  and  as  every  Triangle 
cniifts  of  6  Parts,  viz.  3  Sides  and  3  Angles,  there- 
fore apy  three  Parts  (except  the  3  Angles)  being  given, 
the  other  3  may  be  found;  for  if  the  three  Angles  were 
alone  given  without'  a  Side,  an  infinite  Number  of  Tri- 
angles might  be  formed>  all  having  the  fame  Angles. 
Therefore  to  have  a  determinate  Anfwer,  it  is  neceffa- 
ry  always  to  have. a  Side  (at.leaft)  given.  Thefeveral 
Cafes  of  both  right  and  oblique  Triangles  are  refolved 
three  Wiys,  viz.  Geometrically,  Log?.rithmically,  &nd 
Algebraically.    In  the  Algebraic  Solutions;  the  natural 

Smes 
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Sines,  Tangents,  &c.  muft  be  uftd,  which  you  muft 
aftually  work  with,  as  you  do  with  common  Numbers, 
always  makiag  the  Radius  =  to  i. 

Note,  In  all  right  angled  Triangles  if  die  acute  An. 
gle  is  given,  the  other  is  eafily  knowi^  being  its  Com- 
plement, 'for  by  fubtra£Hng  the  giren  Angle  from'  90% 
there  w9I  remain  the  Quantity  of  the  Angle  re- 
quired. 

Alfo  in  oblique  Triangles,  if  2  Angles  are  given  the 
.  3d  is  found  by  fubtrafting  their  Sum  from  1 80^,   or  if 
one  Angle  be  taken  from  1 80,  the  Remainder  .Y?iJl  be 
the  Sum  of  the  other  two. 

In  folving  the  following  Cafes,  let  given  Things  be 
marked  thus  (^),  dsiA  required  Things  thus  (^). 

Right  angled  j^lain  Triangles. 


'  •  i    > 


CASE    I. 

Given  the  Uypotbcnuje  B  C  =  450,  and  th(  ^gk  C  = 
So^  ^o^i  to Jind  the  Side  B  A.   (Fxa.  8?0 

I.  Geometrically. 

Draw  AC  tt  Pleafure,  and  from  Cdraw  CB  to 
make  an  Angle  wth  jiC  =  50^^  30' ;  make  C  B  ^  450, 
and  from  B  draw  B  A  perpendicular  to  AC.  Thea 
B  A  meafured  is  34 7'^* 

2.  Loga- 


Seft.  n^        Plain  Tjiigojiometily. 

2.  Logarithmically. 


IY5 


As  Radius  — —  ■  lo'oooooo 

To  Hypothcnufe -ff-Cs  450        —        2'6s72iit 
So  IS  S. -cii  C  =  5-0^  30'  ~.^ —  9-887406 


To  the  Side  B^sz  347*£ 


2-540618 


3.  Algebraicaily,  by  the  Table  of  nat.  Sines,  &c 

Put  h  =  Hyp.  BC,  s=i  nat.  of  Sine  -^n  C,  and  i  = 
Radius ;  then  i  :h::s  :  sb^  347*2  =  J?  ^. 

CASE    iL 

fSr  •/%/(?  C  =  500  30^  ^«i  the  Leg  AC  =:  286-2  *^- 
i»f  given,  to  find  the  Hjpothenufe  B  C.  (Fig.  82.) 

X  Geometrically. 

Draw  AG  and  B  C  to  make  an  Angle  at  C  of  50^ 
30/,  alfo  make  AC  ^2 86-2 ;  at  A  ereft  a  Perpendi- 
cular A  Bio  interfeft  CBmB-,  then  is  J?  Cmeafured 
=  450  =  the  Hypothenufe. 

2.  Logarithmically. 

* 

As  Cof. ^C^s<^o  30^ :  Leg.  ^C  =  286-2  : :Rad, 
:Hypoth.  5C  =  45o. 

3.  Algebraically. 

V 

L«t f  =  Cof.  -^ C  and/  s^C,  thcnj  =  Hyp. 
^C=45o.  '     CASE 
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CASE  m. 

Given  the  Angle  C  =  50^  30^,    and  the  adjacetit  Leg 
A  C=  286-2 ;  to  find  the  ofpofite  Leg  AB.  (Fig.  82.) 

I.  Geometricalty. 

Draw  the  TfriaBgle  as  in  the  laft  Cafci  fo  willyf  J? 
be  =  347-2, 

2.  Logarithmically. 

As  Rad. :  Leg.  CA  =^286^2  : :  Tan.  ^  C=  5o<»  30^ 
:  Leg  ^B  =  347*2,  as  required. 

3.  Algebraically. 


PutJ  =  5. -^C,  ^=  Cof.^C(=S.-ii-B),  *  = 
Tan.-di:C,  and^  =  C.4  then/*=  ^B,  or^ziLc^ 
^B  347-2- 

C  A  S  E    IV. 

Given  the  Hypotbenufe  BC  =  45a,  and  the  Leg  CA. 
=  286*2  5  to  find  the  Ang}e%  B,  C.    (Fig.  82.) 

I.  Geometrically. 

Draw  C^  and  v£B  perpendicular  to  each  other  at 

the  Point  ji^  and  make  C^df  =  286-2  ;  then  with  the 

Diftance  450,  and  one  Foot  in  C,  with  the  other  crofs 

the 


* 
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the  indefinite  I3ae  \A  6  in  By-  complcatiilg  the  A 


BC;   then  the  -^ -ff  mcafared  ia  39*  jb'^  whoTe 
Complement  50    30'  is  the  -^^i  G** 


2.  Logarithmically. 

As  Hyp.  5€  450:  Raa::Lqj/C^  286-2  :fl.L-:. 
-5  39*   3^'^  whofe  Complement  50*  30'  is  the  othir 


acute  .^i:::!  (7. 


•  '     %JL 


3.  Algebraically. 
Put  i&  =  Hyp,  BPf  p==  Leg  Cydf  then  f^  =  5^j 

5=39-30/.    ,:-.,.. 

.CASE    V. 

Gwen  theliypothenufe"B-Cr=  450,   /A#  Z>f  C  A  = 
28(S=2 ;  fo/«i  the  l/tber  Zag  h^.  '  (FicJ.  82.) 


*     *  f 


1.  Geometrieally* 

Conftruft  the  l^\ABC  (by  Cafe  4),  then  is  ,/^S 
found  =  347*2-        ••..'.:  .       ' 

4.  -  LogarithmicaHy. 

Find  the  Angles,  by  Cafe  4,  and  then  the  Leg  AB^ 

oyCafe  i. 

Or  thus; 

Find  the  Logarithms  of  the  Sum  and  Difference  of 
the  Hypotheaofe  BC  and  given  hegCJ,  viz.  the 

A  a  I-og- 
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Log.<>f  :  45CV  +:2fi&2  :  aQ4  the  Log*  of  :  450-^ :286*2.: 
Half  the  Sum  of  tbde  L9gariThms  is  the  Logarithm  of 
the  required  Side  AB  ^  i^T^* 

3,  Algebraically.. 


•347-2.  .   .  ■ .  .,•..•.•  ■    .     _ 

Or  let  z  =  BC+  CA,  x  =  BC-C^,  then  s/*^ 

Case  vt 

<?n;<OT  f*<?fE^^  AB.  !=  347^2,  th^  tjg  CA  =±  2f6(J-2 ; 
to^nd  the  Mgles  C,  B.    (Fig.  82.) 

I,  .Geoinctrically. 

Draw  ^C  perpendicular  to  •^B;    make^j?  = 
347'2,  *^C=:  z,86'2,  and  draw  the  Hypothenufe  BC 
then  the  -^  ^  me^fured  is  39*  36^,    whofe  G>mple- 
ment  50'  30''  is  the  .^  C. 


2.  Logarithmically. 

As  Leg  ^5  =  347*2  :  Rad.  :  :  Leg  Cv/=  28(J'2  : 
Tan. -^  J5=s  jpVjo';  then90*  r-.Jp*  30' =  50*  30^ 
=  the  Angle  C. 

3.  Algebraically. 

Pot  ^  =  Leg  ^J5,    and  /  =  Perp.  C^,  then  ;-  = 

* 

Tan.  -,- jB  g9«  30'. or  :;^^p-  =  .T.  -•  5  39*  3o'.« 
before.  CASE 


I 
i 

I 
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CAS  E    VH  • 


t      ■ 


Given  tie  Leg  A  B  =  347*2,  the  Leg  C  A  =  286'2  ; 
iofind  the  Hyf^benufe  B  C    (FjtG.  82.) 

1.  Geometrically. 

Draw  the  Triangle  AB  C,  by  ^he  laft  Qfef   then 
mSX  the  Mcafure  of  the  Hypothenufe  5  C  be  =450. 

2.  X^ogarithmically. 

Fm4  either  of  the  Angles  B,  C,    by  Cafe  6,   a&er 
'which  find  the  Hypothenufe  ^  C7  ~  450  by  Cafe  2  or  3. 

3.  Algebraically. 


Put  *  =  Leg.  ^B,  p  =  Leg  C^,  then  ^bb  +  pp 
:?=  450  =s  the  Hypothenufe  BC. 

Oblique  plain  Triangles. 
C  A  S  E   L 

Given  the  ^ngle  D  =  34*  30^  the\4ng}e  E  =? 
54*  30^,  and  the  oppoftte  Side  DF2=259*8/  to  find 
tbeotberoppojite  Side  ZF.     (Fig.  83.) 

I.  Geometrically, 

Draw  T^Ezt  Pleafure;  from  7>  draw  55  F  to  make 
an  Angle  with  2>  J5  of  34'  30^  and  make  ©  -F  = 
259*8 ;  from  F  draw  FE  to  make  an  Angle  of  ^  i  *  00^ 
(the  Supplement  of  the  ^/s  34*  30'  +  54*  30^)  with 

Aa  2  FD, 


179         Plain  TxiaoNOM£.Ts.T.       Bodklfl^ 

I'D,  which  will  intprfca  !D  £  in  £  :  then  £  F  mca- 

^ured  is  1 80. 

■»       .     *  -■.■•.• 

p;  .Logarithmically, 

As  S.  -::i  £  =  54*  3o^        Camp.  Arith.   0*089314 
To  its  oppofitc  Side  T>F^  2587  2-412796 

SoS.-^!D  =  34*  30*        -. —  9753^28 

To  oppofite  Side  £  F  =  180        —         2-255238 

3.  Algebraically. 


Put  j=  S.  ^  £,  ^  =  S.  --1  2?,  A  =;  op.  Side  2) F, 
then  7  =  180  =  oppofite  Side  JS  F 

c  A  s  E  n. 

Given  the  Side  EF  =:  180,  the  Side  D  F,=5  258-7, 
and  an  oppofite  Angle  E  =  54*  30' ; .  /^  ^;?rf  /j&^  c/A^r 
oppofite  Angle  D.     (Fi  p.  '8 3.) 

This  is  called  an  ambiguous  Cafe,  for  if  the  giveu 
Angle  E  be  obtufc,  or  its  oppofite  Side  jD  F  be  greater 
than  the  other. Side  EF,.  then  the  required  Angle  2> 
\%  acute;  otherwife  ic  is  ambiguous  or  doubtfuL 

—  % 

!•  Geometrically. 

Draw  2>  £  at  Plcafure,  and  from  E  draw  £  f  to 
inake  aa  Anijic  with  \D,E  of  54*  30'^  #>  make  E  F 
5=  i8p;  then  with  the  Diftance  2587  (and  one  Foot  in 
f^j  with  the  other  crofs  £  ©  in  2>;  then  the  Angle 
2?  mcafured  on  the  Chords  is  34 •  sq^". 

2.  Loga- 


1 
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2.  Logarithmically. 
As  Side  ID  F  2587  :S.  ppp,  ^  E  54*  30^  :  :  Side 


£F  180  :  5-  opp.  -^  2>  34*  30^,   which  is  acme  bcr 
caufe  2>  jF  is  greater  than  jE  jF. 

3*  Algebraically. 


opp.^2>r='y-34'  30'- 


C  A  S  E   la 

Ghen  the  Sides  E  F  and  D  F  the  fame  as  before ^  with 
the  fame  oppoftte  Angle  E  j  to  find  the  third  Side  D  EJ. 
(Fig.  83.) 

I.  Geometrically* 

Draw  the  Triangle  according  to  Cafe  2,  fo  will  "DE 
meafure  3177. 

2.  Logarithmically. 

Find  the  Angle  2)  by  Cafe  2,  from  whence  the  An- 
gle F  is  known.    Then  find  the  Side  D  JE  3177  by 

Cafe  I. 

3.  Algebraically. 

Put^  =  2)F,  c=zEF,  sriS.^E,  «  =  Cof. 


E,    Then  cm zti  ^bb'-'ssccz=  7) E  ^iTT;  +  if 
2)  is  acute,  and  —  if  obtufe,  where  note,  if  E  be  ob^ 
fvifc  m  will  be  ncgatiTC.    This  is  Emerfonh  Rule. 

CASE 


z8o       PtATK  Trioonomet&t^       BodlcIII 

C  A  S  E    IV. 

Given  tbi  Side  D  JF  =  %i9^%  thi  Side  E  F  =  180, 
and  the  included  ^n^e  F  =:  9  r  *  oc^^  tt^jind^  the  Angled 
DandE.    (Fig.  83.) 

1.  Geomecricallf. 

Draw  2>F  and  EF  to  make  an  Angle  at  /*  = 
pi*  00',  make  2)/^=  2587,  EF^  180,  and  join 
the  Points  £,  © ;  then  the  Angle  2>  meafured  on  the 
Chords  is  34 •  30^,  and  the  Angle  £54*  30^  Or  the 
Quantity  of  either  of  the  Angles  ®  or  £  being  found 
as  above,  if  to  it  be  added  the  Angle  F  (which  is  given), 
aad  that  Sum  fubt rafted  from  i8o*  (=  Sum  of  the  3 
Angles},  the  Remainder  will  be  the  other  Angle. 

• 

2.  Logaritlimicallj. 

As  Sum  of  Sides  'DF-\-  EF  (=  2587  +  180)  :  Diff- 
Sides 2>  F-  £  jF  (=  2587  -  180)  : :  Tan,  i  Sum  op- 
Angles  ^-+-^  (=  iHiliJiliS.')  :  Tan.  i  their  Dif- 

fer.  ^-ni  (=,H-3c/-34-3g:)  =  ,0-  then  ^-i^  + 
1^  (= ''"tH:)  =  5^- 3</  =  the grater  AhgVft 

fer  Angle  !Z>. 

3.  Alg^bri 

hxtbzzT>F,  c-EFy  V 
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+  >>,  "   ^  =^t.-r-  =  greater  ^:l  ii,  ana  v  —  -.^     '^rrr: 


ts  IdTer  Us::.  2). 

CASE    V. 

-  *  •  • 

Gi'&e^i  two  SidiiD  Vy  £F,  and  the  inclu(kd  ^ngk 
¥,  as  before  ;  tojindibe  third  Side  D  E.    (Fig.  83.) 

!•  Qeoinetricalljr. 

Draw  the  Triangle  by  Cafe  4^    Then  2>  E  mcafu- 

rcdis  3I77- 

2.  Logarithmically. 

Find  D  or  JS by  Cafe 4,  and  2)  £=3177  by  Cafe  !• 

3.  Algebraically, 

Pat  &  =  2),F,  c  =  £is  ^  =  Cof.  ^  R  Then 
V^W  +  ctf  —  2  bcy^T^E.  This  is  EmerforCs  Thcoreni. 

C  A  S  E    VI.     , 

Given  three  Sides  T^Y-  2587,  ET  =  180,  and 
D£=  3i7'7;  tofind an  Angle  \i.    (Fig.  83.) 

I.  Geometrically. 

Make  T>E  =  3177 ;  then  with  the  Diftances  2587, 
tsA  180,  on  25  and  E  defcribe  Arcs  to  cut  each  other 
in  jF,  and  join  the  Pomes  ©,  7%  £;  fo  will  the  ^  D 
meafured  be  =  34*  30'. 

^.  Logarithmically. 

Ler  M  a  Perp.  FG  on  a  Side  adjoining  a  required 
Angle )  theaias  Bafc!D£  (3177)  :  Sufn  Sides  Z>F+ 
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£^(4387)  :  :  their  DtS.  7)  F  —  Zi?  (787) 
iT>G  -  GE  (=  loS'^O  the  Di£  Segments  Bafe; 
then  I  Bafe  2>  £  +  f  DlC  ss  greater  Segment,  and  7 
Bafe  'DE-i Diff.  =  leffer  Segment.  Then  there  is 
given  *DF,  "DG,  to  find  -^  2>,.  whkh  by  Cafe  4,  of 
right  angled  Triangks  is  34*. 30'. 

3.  Algebraicallj. 

Vvitb  =  'Df,c  =  EP,  d^'DE;  then  ^'^^■^/j"'- 
=  Cof.  ^!D=34*  30'. 


B  O  O  K    IV. 

5r&^ Projection  ^/^^  Sphere,  Orthographic 
and  Stereographic,  on  the  Planes  of  the 
Meridian,  the  Solstitiai^  Colure,  and  th^ 
Horizon. 


Definitions. 

!•  'TTlHE  Projeftion  of  the  Sphere,  is  the  Delinea- 
I      tion  of  the  Circles  thereof  upon  the  Plane  of 
one  of  its  Circles. 

2.  The  primitive  Circle,  is  the  Pland  tipon  which 
the  Projcftion  is  made,  and  therefore  cailled  the  Plane 
ofProjeftion. 

3.  Orthographic  Projeftion,  is  the  drawing  the  Cir- 
cles of  the  Sphere  upon  the  Plane  of  one  of  its  Cirde^, 
by  Lines  or  Rays  let  fall  from  every  Part  of  the  Circle 

to 
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to  be  projeftcd,  perpendicular  to  the  Plane  of  Projec- 
tion. 

4.  Stereographic  Proje^ioil,    is  the  delineating  the 

Circles  of  the  Sphere  upon  the  Plane  of  fome  of  its 

Circles^  by  Lines  or  Rays  paffing  from  the  Pole  of  the 

Circle  of  Projeftion  to  every  Part  of  the  Circle  to  be 
projeftcd. 

5.  The  projefting  Point,  is  the  Point  from  whence 
the  Rays  or  projefting  Lines  flow  to  every  Part  of  the 
Circle  to  be  projcfted.  I 

6.  The  Line  of  Mcafures  of  any  Circle^  is  a  Lina 
paffing  through  the  Poles  of  the  primitive  and  projeftcd 
Cirdes,  or  it  is  a  Line  parallel  thereto ;  being  the  In- 
terfcftion  of  the  Plane  paffing  through  the  Pole  of  the 
Circle  to  be  projected,  and  the  Plane  of  Projeftion,  and 
U  perpendicular  to  both. 

7.  The  Pole  of  a  Circle  is  a  Point  every  Way  93 
Degrees  diftant  from  it. 

8.  A  great  Circle  of  the  Sphere,  is  that  which  di* 
tides  the  Globe  or  Sphere  into  two  equal  Parts  or  He- 
mifpheres. 

9.  A  right  Circle  is  that  whofe  Plane  (lands  at  right 
Angles  with  the  Plane  of  Projection,  and  in  the  Stereo-* 
graphic  Projeftion  paffeth  through  the  Eye,  and  is  a 
Diameter  to  the  Primitive. 

10.  An  oblique  Cricle  has  its  Plane  inclining  to  the 
Plane  of  Projeftion,  making  an  oblique  Angle  there- 
with. 

1 1.  Pat^lld  Circles,  are  Circles  parallel  to  fome  great 
Circle  of  the  Sphere,  having  their  Planes  parallel  to  one 
another.  B  b  SECT 
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SECT.    L 

m 

Theorems  of  the  Orthographic  Projection 

of  the  Sphere. 

Prop.    I. 

The  optic  or  *m/ual  ^ngle  of  any  Object  A  B,  always 
decreafes  or  increafes  according  to  the  different  Tyiftances 
of  the  Eye  therefrom.     (Fig.  i.) 

FOR  fuppofe  ABzn  Objcft  viewed  by  an  Eye  at  C^ 
then  is  the  -csri  ^CB  es  the  optic  or  vifual  Angle. 
But  fuppofe  the  Eye  removed  to  35,  the  -^xi  ^2)  B  be- 
comes then  the  vifual  Angle,  which  Angle  by  2 1  Euc. 
I.  is  lefs  than  the  -^^  ^CB;  and  therefpre  the  far- 
ther any  Objeft  ^B  h  removed  from  the  Eye,  the  lefs 
will  the  vifual  Angle  be  found  to  be,  and  if  infinitely 
extended,  the  Rays  pafBng  from  the  Eye  to  it,  will 
differ  infinitely  little  from  the  parallel  Lines  E  ji^ 
FB.    Q.E7). 

Prop.    II. 

^ny  right  Urn  A B  or  CD  is  frojeBed  into  another 
right  line  cd,  different  from  the  former  in  proportion  as 
Radius  :  Cof.  of  the  Lin^s  Inclination  above  the  Flam 
of  Projedion.    (Fig.  2.) 

From  the  Ends  of  the  Line  ^,  -ff,  let  fall  the  Per- 
pendiculars ^y  Bd\  or  from  C  and  2>  let  fall  the  Per- 
pendiculars Ccj  Dd;  fo  12 cd  theProjefiion  of  the 
Lines  ^  B,  CD.    From  .^ let  foil  the  Perpendicular 
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./^c,  then  by  Cafe  4,  of  right  angled  plain  Taiangles 
^B  :  ^0  :  :  Radias  :  Cos.  ^^  B^o  =  Cof.  of  its  in. 
dinatiixi  above  the  Plane.    QjE.  D. 

Prop.    III. 

^  Circle  (landing  at  right  Angles  to  the  Plane  of  Pro* 
jediony  is  froje6led  into  a  right  line  on  the  f aid  Plane ^ 
equal  in  Length  to  its  diameter. 

Let  ^BCht  the  given  Circle  to  be  projcfted ;  from 
the  Points  ^,  B,  C,  2J  in  the  Periphery  let  fall  the 
Perpendiculars  ^  L,  B  H,  CK,  2>  G  upon  the  Plane  j 
then  becaufe  the  given  Circle,  by  Hypothefis,  is  at  right 
Angles  to  the  Plane,  therefore  the  Perpendiculars  are  fo 
too,  and  foall  the  Parts  of  the  Periphery  of  the  given  Cir- 
ck  will  be  projefted  into  the  Diameter  ¥L  QjE.^D.  (3.) 

Cor.  Hence  it  follows,  that  a  Semicircle  {landing 

perpendicular  to  the  Plane  of  Projedion,  is  projeAed  iq* 
u>  a  Diameter  equal  to  that  of  itfelf. 

Prop.    IV. 

A  Circle  parallel  to  the  Plane  of  Proje^ion/  is  fro-; 
JeSed  into  a  Circle  equal  to  itfelf  on  the  f aid  Plane* 

Let  ABCT)  be  the  given  Circle  and  E  its  Center^- 
^rhich  is  projefted  imo  the  Circle  f  G  /,  the  Center  E 
into  the  Center  H\  for  the  Parallelogram  ^FHE  is 
cgual  to  the  Parcllelogram  JE  HIC,   Q.  E.  2>.  (Fig.  4.) 

Prop.    V- 

^  Circle  oblique  to  the  Plane  of  Proje£lion,  isprojeSed 
into  an  EUipfts  on  the  f aid  Plane. 

For  let  ^^C  jD  be  the  given  Circle  to  be  projeftcd 

Bb  2  upon 
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upon  the  Plane  F  I;  from  ^f  jB,  C,  2),  let  fall  the  Per- 
pendiculars ^a,  Bb,  Ccj  Ddy  Ali,  fo  is  abcdi\it  true 
Projeftioa  of  the  Circle  ^JBCDf  being  a  true  ellipti- 
al  Curve.  For  a  further  Dcraonftration,  fee  Emerjbn^s 
Projeftion  of  the  Sphere,  Page  5,  where  the  Qtirious 
may  meet  with  Satisfaftion.    (F^g.  5.) 


SECT.    IL 

Problems  cf  the  Orthographic  Projection 

of  the  Sphere. 

Prop.  VL    P  r  o  b. 

STy?  project  a  Circle  parallel  to  the  Primitive,  at  any 

propQfed  T)ijlancc  from  it. 

Example    I. 

TO  draw  a  Circle  parallel  to  the  Primitive  oiBCD^ 
at  the  Diftance  of  35'  ^o^  frpm  it,  0|"  5^^  30' 
from  jE  its  Pole.    (Fig,  6.) 

Rule. 

Set  54'  30^  (the  Parallers  Diftance  from  thd  Primi- 
tive)  from  B  to  /%  or  its  Complement  35''  30'  from^ 
to  F^  and  draw  FG  pariilel  to  AC^  to  cut  J?©  in  G  ; 
With  the  Radius  EG,  and  Center  £,  dcfcribe  the  Cir* 
clc  GJK  the  Parallel  required. 

By 
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By  the  SeQon 

Take  the  parallel  Sine  of  35'  30^  (the  Parallel's 
I>iftan(ie  from  the  JBole  of  the  Primitive),  and  defcribe' 
therewith  on  E,  the  parallel  Circle  G  IK  as  before. 

Prop.    VIL     P  r  o  b. 

To  frojed  a  Circle  parallel  to  a  right  Circle ^  or  one  per^ 
fcndtcular  to  the  Plam  of  ProjeSlion. 

£  X  A  M  t»  L   £     II. 

Let  it  be  required  co  draw  a  Circle  parallel  to  the 
right  Circle  ^B,    at   23*  30^    Diilance  from  i^ 
(Fig.  7.) 

§ 

Rule, 

Set  the  Parallel's  Diftance  from  the  given  right  Circle 
jiBy  from  ji  and  B  to'D  and  E,  and  draw  the  Parallel 
©  E,  which  is  II  to  ^  B,  and  perpendicular  to  the 
Plane  of  Projeaion  ^FBG. 

By  the  SeSor. 

Set  the  Sine  of  23*  30'  from  C  to  H;  through 'iiT 
draw  the  Parallel  2)-E. 

Prop.   VIIL    P  r  o  b. 

To  project  a  Circle  which  if  oblique  to  the  Plane  of 
Pro/eSlion. 

Ex. 
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Example    111. 

Required  the  ProjeSion  of  the  parallel  oblique  Cir- 
cle jD-E,  whofe  neareft  Diftance  from  the  PrimitiTe  is 
17 •  30%  and  grcjiteft  Diftaacc  45*  30', 

Rule, 

Through  the  Center  C  draw  the  Line  of  Meafures 
•/tfj?,  fct  the  Circle,  neareft  Diftance  from  the  Primitive 
(viz.  17*  30')  from  B  upwards  to  £,  if  it  be  above  the 
Primitive,  or  downwards  if  it  be  below ;  alfo  fet  its 
greateft  Diftance  (=  45  •  30' )  from  ^  to  2),  and  draw 
DE ;  from  E  and  2)  let  fall  the  Perpendiculars  EG, 
2>F,  fo  is  jDjE  projefted  into  FG  =  the  conjugate  Dia- 
meter of  an  EUipfis :  Biffeft  FG  in  H,  and  through  H 
draw  /A"  perpendicular  to  FGj^  which  make  =  !D£  = 
thetranfvefe  Diameter;  upon  the  two  Diameters  IK, 
FG  defcribe  the  EUipfis  FIGK  by  Prop.  18,  B.  I, 
which  will  reprefent  the  given  oblique  Circle, 

By  the  Sefton 

Set  the  Cofine  of  45  *  30^  from  C  (the  Center  of  the 
Primitive),  to  F,  as  alfo  the  Cofine  of  1 7  •  30^  from  C 
to  G  (viz.  both  Ways,  if  the  Circle  incorapafs  the  Pole 
C,  but  the  fame  Way  if  it  lye  013  one  Side  of  C)  biffea 
FG  in  Hf  and  draw  IK  perpendicular  to  FG,  alfo  make 
HI,  HK  each  equal  to  the  Radius  of  the  given  Circle, 
or  the  Sine  of  its  Diftance  from  its  own  Pole ;  on  thefc 
Diameters  defcribe  an  EUipfis,  and  it  is  done, 

Pr  on 
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Prop.    IX.    P  r  o  b. 

To  jind  {be  Pole  of  any  Ellifjts. 

£  X  A  M  P  L  E      IV. 

Given  an  Ellipfis  KGHI;  the  Pole  thereof  is  re- 
quired.     (Fi  G  •  9.) 

R  V  L   E. 

Draw  the  conjugate  Diameter  HK  through  C  the 
Center  of  the  primitive  Circle,  from  K  and  Hdnw7)K 
and  HE  x  HK,  or  make  "DE  =  GI,  and  biflca  2)JS 
in  f;  from  /'draw  fP  parallel  to  GT  to  cut  iZ/JT  in  P 
the' Pole  required. 

By  the  Seftor. 

Meafure  CK,  CH on,  the  Sines;  then  take  the  Sine 
of  Half  their  Difference,  and  fet  from  C  to  P,  if  C  lye 
between  K  and  if;  but  if  if  and  H  be  on  the  faipe  Side 
of  C,  then  the  Sine  of  their  half  Sum  mud  be  fet  from 
C  to  P  the  required  Pole. 

Prop.   X.    P  r  o  b. 

7o  meafure  any  Part  (f  a  parallel  Circle ^  or  to  lay  any 
Number  of  degrees  thereon* 

Example    V. 

Required  the  Meafure  of  the  Part  KI  of  the  Paral- 
lel GIKy  or  to  lay  any  Degrees,  &c.  thereon. 

Rule 
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Rule. 

Through  the  Extremities  of  the  Arch  K,  /,  draw 
the  Radii  -EC,  EHy  and  draw  the  primitive  Circle 
^BCD\  then  the  Arch  CH  is  30*  15'  =  the  Arch 
KI\  or  30*  15'  fct  from  C  to  if,  and  Lines  drawn  there- 
from to  E,  will  cut  o8Fan  Arch  A/=  36*  15C  (F^6.) 

Prop,    XL    P  r  o  b. 

To  meafure  any  Part  of  a  right  Circhy  or  to  lay  any' 
Number  of*Degrees  thereon. 

Example    VL 

Let  it  be  required  to  find  the  Meafure  of  the  Part? 
^B  of  the  right  Circle  T>E.    (Fig.  10.) 

Rule. 

Upon  the  Diameter  T)E  defcriSe  the  Semicircle 
*DFEy  draw  ^F  perpendicular  to  ^E,  alfo  from  B 
draw  ^//parallel  to  ^Fj  fo  is  FH^  20*  =  the  Mea- 
fure of  ^B\  or  if  2o'  be  fct  from  F  to  if,  and  HB 
be  drawn  parallel  to  ./^F,  it  will  give  the  Part  AB  = 

20*. 

If  the  right  Circle  pafs  through  the  Center  C  of  the 
Primitive,  as  KI,  and  the  Part  CG  is  to  be  meafured ; 
then  Cc  being  drawn  perpendicular  to  KI^  from  G  draw 
Gd  parallel  to  Cc  to  cut  the  Prhnitlve  in  dj  fo  is  cd  the 
Meafure  of  CG ;  the  Rcverfe  of  this  will  make  CG  = 
any  propofed  Number  of  Degrees. 

By 
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By  the  Scdtor. 

Jilakc  jft)  (s  ./iE  ^jfF)  =  the  ptraBcl  Sine  of  90  j 
then  will  AB  be  =  the  Sine  of  2o*i  Qr  20*  bfemj- 
taken  from  the  Sines,  and  fet  from  A  towards  £,  will 
give  AB.  In  like  Marnier  is  CG  meafured,  by  making 
CK  (=  CI  =3  Gr)  a  Radius  of  90*  on  the  Sines,  and 
then  CG  meafnred  thereon,  will  give  the  Degrees^  &c 
thereof;  or  the  Sine  of  thofe  Degrees  being  fet  front 
C,  wiU  give  G* 

J^ioV.   XIL    Prob.. 
To  meafure  any  Arcb  of  an  Ellipjis^ 

Exam  p'i;  h>    VJL 

Let  ./fpF\iC  a  giyea  EUipfii;  tp  find  the  Meafore' 
of  the  Arch  !>£,    (Fx  <f,  lu) 

Rule. 

Upon  the  tranfverfe  Axis  AF  defcribe  the  Grclc 
ABFi  through  the  excrcam  Parts  of  the  Arch  7>E, 
draw  GB  and  HC  perpendicular  to  the  Axis  AF,  to 
cut  the^Circle  ABF  in  B,  C;  then  the  Arch  J5C  is 

the  Meafure  of  the  Arch  5DJS  =  2  o  *  i  o' 

*        » 

Px,op.    XilL    P&o.B.  _ 

.      .  .  •       • 

Tfi  fit  any  "Number  i^'D^recs  i^n  the  Arcb. of  an 

Cc  Ex- 
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E  X  A  1%  ?  £.  &    Yin. 

Let  it  be  re^iired  to  fet  30*  10'  upon  the  elliptical 
Arch  A*DF,  from  2> towards  JF.    (Fig.  1 1) 

$ 

Rule. 

^  trpoa  the  ftairfVcrfe  Axi^  ^F  draw  the  Circle  jiBt^ 
te- 10  the  laft  Prop,  and  through  !Z>  draw  G  B  perpen- ' 
dioiIaF  hyyiFf  which  wUl  cue  the  Arch  jiBF^  in  B^ 
Make  J?C=:  30*  ic^,  and  from  C draw •C^ parallel  xi> 
CB,  to  cat  the  Arch  of  the  Ellipiis  in  £,  making  2>£ 
=  30*10^  as  was  rcquiredi 


X 


S-ECT.    m. 

Theorems  tf  the  SxEREeGRAPHic  Projec- 
tion of  the  SPHEREi 

« •        »  «   * 

P   R    O    p.      I. 

0 

^ny  Point  an  the  Surface  of  the  Sphere  is  frpjeSed 
into  a  Point  on  the  Plane  of  Projediony  diftant  from  tbe^ 
Center y  the  Semi  tangent  of  its  T>ifiance  frojn  the  Point  op^ 
pojite  to  the  frojeSfirig  Point.    (Fig.  12.) 

LET  P  be  the  projefting  Point,  H  the  Point  oppo- 
fite  to  it/.^,   and  G  two  Points  on  the  Sphere's 
Surface  to  be  .projcfted ;   from  the  projefting  Point  P 
dhw  the  Rays  i>^,  PG^,  which  will  cut  the  Plane  of  . 
Projeftion  'DF,  in  B  and  Pj  then  is  CB  the  Taagent  of 

the 


/ 


Se&IIf.  cy/i^  Sphere.  ijj 

xbe  Angle  CPB,  or  the  Semitangent  of  the  ,e£.  ,ACH, 
.which  is  =  the  Arch  ^H;  aUb  CF  is  .the  Semitaogeoc 
jof  the  Arch //G.    QsB.'D, 

Prop.    II. 

* 
/ 

v^  r;^6/  Zi/r^  /n  tie  remote  Hemi/phere  is  projeSed 
inie  a  ngbt  Line  lefs  than  itfeify  but  in  the  contiguous  -Hf- 
mfpbere  it  is  prjyeSled  into  a  Line  greater  than  it/elf. 

Fpr  let  2)£,  FG  be  the  two  right  Lines ;  from  J? 
draw  P2),  PE^  to  cut  the  Plane  of  Projedtion  ^B  in 
JT,  L,  fo  is  All  the*  Projeftion  of  DE ;  alfo  from  P 
draw  PF,  PG  to  cut  ^B  extended,  in  /f,  /;  then  HI 
is  the  Projeftion  of  the  right  Line  FG.  ^  E.  D,  (F.  1 3.) 

P  a  o  p.    IIL 

fhe  ^Diameters  of  all  Circles  great  or  little^  are  pro- 
jeHed  into  the  Line  ofMeafures ;  the  Extremities  ofwhofe 
projeiled  Diameters  are  dift  ant  from  the  Center  of  the  Pri- 
mitive, the  Semitangents  of  their  neareft  ahdgfeatefl  'Dif 
tances  from  the  Pole  oppoftte  the  projeSing  Point. 

Let  FG  be  the  Diameter  of  the  given  Circle,  whofe 
projcSed  Diameter  is  HKj  on  whofe  Center  L  defcribe 
the  Circle  HKG,  or  HKE ;  now  EF  being  drawn, . 
CH  is  the  Tangent  of  the  ^  CEH ;  but  the  ^  CEH 
(by  the  Elements)  is  =  ^  -^  "DCF,  therefore  C^is  = 
Tangent  of  4  -<^  2>CF,  or  the  Semitangent  of  the  Arch 
2)F.  In  like  Manner  is  the  Tangent  of  the  -<c. 
CEK  equal  to  GKy  and  as  the  -^  CEK  is  (by  the 
Hancnts)  ^  i  ^^  7XJG,  therefore  CK  is  =  the  Tan- 
gent  of  Half  the  -s^i  -DCG,  or  the  Semitangent  of  the 
Arch  2?a    QsE.J>.    (Fig.  14,  15) 

C  c  2  COK.. 
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•  Cor.  I.  The  Points  of  LiterfefiioQ  between  the 
Line  of  Meaforee  and  the  Periphery  of  any  oblique 
great  Circle,  within  and  without  the  Prioiitiye,  are  dif* 
tant  from  the  Center  of  the  prijoii^ve  Circle,  the  Tan- 
gent and  Co-tangent  of  Half  the  Complement  of|  the 
Circle's  Inclmarion  to  the  Primitive  t  For  CH  is  =:  the 
Tangent  of  {  the  ^  FCD. 

Co  R.  i.  Hence  may  be  gathered,  that  the  Centers 
of  all  prpjeded  Circles  are  in  the  Line  of  Meafures, 
^nd  diftant  from  the  Center  of  the  primitive  Circle, 
Half  the  Difference  of  the  Semitangents  of  their  neareft 
and  greateft  Di(bnce  from  the  Pole  oppoiite  the  pro- 
jcfting  Point,  if  the  faid  Pole  lie  within  the  Circles  j 
but  if  the  Pole  lie  without,  Half  the  Sum  of  the  Semi'* 
tangents  will  give  the  Center^ 

Prop.    IV. 

The  projeSIed  Center  of  afiy  lejfer  Circle  perpendicular 
U  the  Plane  ef  ProjeSion,  is  in  the  Line  of  Meafures^ 
diftant  from  the  Center  of  the  Primitive^  the  Secant  of 
the  lejfer  Circlets  'Dijiance  from'its  own  Pdle,  andits  Ra^ 
dius  is  the  Tangent  of  the  faid  Hiftance. 

Let  E  be  the  projefting  Point,  FG  the  Diameter 
thereof  which  is  proje^ed  into  HJT,  and  being  biifefted 
in  L,  is  Center  of  the  projcftcd  Circle.  Draw  GL  =3 
the  Tangent  of  the  Arch  BG  =  Diftance  of  the  parallel 
Qrcle  from  its  Pole  B,  which  is  likewife  =  the  Radius, 
as  CL  is  r:  the  Secant ;  for  in  the  right  angled  Triangle 
CGLf  right  angled  at  G,  if  CG  be  made  a  Radius,  it  is 
evident  that  GL  is  the  Radius  and  CL  the  Secant,  of  the 

Arch 


r 


Sedt  IIL  Of  the  Sphere*  ip5 

Arch  BG  s  BP  =  the  Parallel's  Diftance  from  its  owa 
Pofc.    j2j£,2>. 

PiLOP.   V.  , 

The  Center  of  a  great  Circle  when  projected^  is  in  the 
Lane  of  MeafureSj  dijtantfrom  the  Center  of  the  primi" 
five  Circle,  the  Tangent  of  its  Inclination  to  the  Primi- 
tive, and  its  Radius  is  the  Secant  of  that  Inclination. 

Let  E  be  the  projefting  Point,  FG  a  great  Circle 
projeftcd  in  HK  the  Diameter  thereof,  whofe  Center  is 
Z.;  draw  EL,  and  from  E  let  fall  the  Perpendicular 
EC,  fb  is  the  Angle  HEK  a  right  Angle,  being  in  a  Se- 
micircle, and  the  -cC  HEC  is  =  .<:i  HLE,  alfo  their 
Double  FCD  =  CLE,  whofe  Complement  FCu4  is  = 
CEL,  whofe  Tangeat  CL  is  the  Radius,  and  EL  the 
Secant  of  the  Arch  .^.    Qj  E.  2>.    (Fig.  14.) 

Cor.  I.  If  upon  its  Center  L  the  great  oblique  Cir-. 
cle  7) HE  be  aftually  dcfcribed,  it  will  cut  the  Line 
of  Meafures  without  the  Primitive  in  A*;  and  therefore 
if  the  great  oblique  Circle  T>HE  be  now  confidered  as 
the  primitive  Circle,  whofe  Center  is  L,  all  great  Cir- 
cles paiBag  through  if  and  A  will  have  their  Centers  ip 
the  Line  NO  which  now  becomes  the  Line  of  Mea« 
fores,  being  perpendicular  to  .AK.    (Fig.  16.) 

Co&.  2.  Hence  it  is  evident,  that  one  great  oblique 
Circle  may  be  drawn  to  make  with  another  great  Circle 
any  certain  propofed  Angle;  as  fuppofe  a  Circle  HIK 
be  to  be  projefied,  which  is  to  make  fome  given  Angle 
with  another  great  oblique  Circle  HEK  at  a  certain 
Pojsc  Hi  thrwgh  L  the  Center  of  the  given  great 

Circle 
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Grclt  HE  K^  from  the  given  Point  H  draw  the  Dia- 
meter HL  Kj  and  NL  O  perpendicular  to  it,  which 
IS  the  Line  of  Meafures,  then  the  Tangent  of  the  pro* 
pofed  ^^EHI  being  fet  from  L  upon  the  Line  of 
Mcafares,  will  give  the  Point  M^  the  Center  of  the 
required  Circle  HIK. 

Alfo  if  an  oblique  Circle  Nrl  be  drawn  to  cut  the 
great  oblique  Circle  N  Hg  at  N  or  g^  the  Center  of 
th^t  Circle  will  be  at  ;r  in  the  Line  rq\  and  as  Negate 
not  oppofite  Points  of  the  Circle  NJig^  therefore  any 
Circle  JSrg  pafEng  through  thefc  Points,  will  be  a  leflcr 
Circle,  except  the  Circle  NHg. 

P  R  o  p.    VL 

'the  Poles  of  any  Circle  great  or  little^  are  projeSled 
into  the  Line  of  MeafureSj  within  and  without  the  Prir 
miiive,  and  difiant  from  its  Center ^  the  Tangent  and 
Co- tangent  of  Half  its  Inclination  to  the  Primitive. 

Let  P,  /  be  the  Poles  of  the  Circle  ^  J?,  which  are 
projefied  into  the  Line  of  Mcafures  HI  in  K  and  s ; 
therefore  K,  s  are  the  Poles  of  the  Circle  ^B.  The 
^  GCP  (cr  -^  DCH)  is  the  Inclination  of  the  Qrcle 
^B  to  the  Primitive,  and  CK  is  "=  the  Tangent  of  the 
^CFK,  and  as  C/7:  is  =  i  GCP,  by  the  Elements, 
therefore  CK  is  =  Tangent  of  |  -sri  GCP  =  Tangent  of 
Half  the  Circle's  Inclination  to  the  Primitive :  In  like 
Manner  Cs  is  the  Tangent  of  the  -t^ri  CFs^  or  the  Co- 
tangent of  the  ^:^  CFKy  that  is  the  Cotangent  of  Half 
the  Inclination.  (Fig.  17,) 
CoR.  The  Pole  of  the  Primitive  Circle  is-its  Center ; 

alfo 
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alio  the  Pole  of  any  right  Circle  Is  in  the  Primitive. 
The  projefted  Centers  of  all  Circles  lie  between  the 
projefied  Poles* 

S  E  C  T.    IV. 

PiOBLEMS  of  tbfi  Stereograph ic  Projection 

of  the  Sphere. 


■▼^ 


'■■   '*     r' 


*  •  -       P  R  O  p.     L      P  R  O  B. 

Jo  find  the  Pole  of  the  primitive  Circle  ABCD. 

k  u    L   £. 

QUartef  the  Circle,  by  drawing  the  Diameters  ^C 
and  jB!Z>  perpendicular  to  each  other ;  theirPoinc 
«f  kterfeAkm.  £  i&  the  Pole  required.    {Fi  G.  1 8.) 

Prop.    II.     P  k  o  b. 
Tofnd  the  PoUs  if  a  right  Circle  BED. 

•  ■  _  « 

Rule. 

Hirough  E  the  Center  of  the  Primitive  draw  ^EC 
perpendicular  to  B  2>,  to  cut  the  Primitive  in  A  and  C 
the  required  Poles. 

By  the  Seftor. 

Set  the  Chord  of  90*  from  !B  ox  D  both  Ways  to 
^  and  C,  the  Poles  of  the  right  Circle  BED.  (F.  1 8.) 

*  •        ■ 

Pxo*. 
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pR  O  p.      IIL         PlLOB. 

To  find  the  Poles  of  an  oblique  Grcle  BLD. 

R  tr  L  £•  *  ~ 

Draw  2>L  to  cut  the  PrimitiYe  in  M,  make  BG  s 
jSMf  draw  GFT>  to  cut  the  Line  of  Meafures  r/in 
i^;  fo  is  Fthc  interior  Pole  of  the  oblique  Circle  BLD. 
Then  to  find- the  external  Pole,  through  E  drawG£j^ 
to  cut  the  Primitive  in  Q^  through  Which  from  2> 
draw  DQj  to  cut  rl  in  r,  fo  is  r  the  external  Pole 
required.     (Fig.  19.)         . 

If  it  be  a  leffer  Circle  FHI\  draw  the  Line  of  Mea* 
furcs  r/,  and  from  jD  draw  "DFG^  HKJ  to  cut  the 
Primitive  in  G  and  K\  bifleft  the  Arch  G^in  P,  and 
from  P  draw  P^©  to  cut  rl  in  ^^  the  internal  Pole  of 
the  leffer  Circle  Pif/;  alfo  draw  FEN^  and  from  3> 
draw  2>JVj  to  cut  r  /  in  y  the  exterior  Pole  required. 

• 

B7  the  Sefior. 

Meafure  EL  on  the  half  Tangents,  kt  the  Tangent 
of  Half  its  Complement  from  E  to  the  internal  Pole  F^ 
as  alfo  the  Tangent  of  that  Complement  trom  J^  to  the 
external  Pole  r.    (Fig-  19.) 

If  it  be  a  leifer  Circle  as  FHIy  find  the  Degrees  in 
EF  and  Ely  the  Semitangent  of  Half  their  Sum  (if 
the  Circle  lie  all  on  one  Side  E^  the  Pole  of  Projedion) 
fet  from  E^  will  give  the  internal  Pole  /,  or  the  Semi* 
tangent  of  Half  their  Difference  (if  the  Circle  encom* 
pafs  the  Pole  E)  will  give  the  fame  Pole  f ;   and  th6 

Semi* 


tangent  of  their  Sopplemeac  will   give  the  external 
Pblcj.    '     ^         '  .     . 

Pup  E.     IV.      P  i  O  B. 


To  draw  aGrcie  faralM  to  the  Primithe  ABCX)^  ai 
40*  J>i/luncejr0n  it, '  ^r  5  o*  from  its  Fo/e  E.  (Fig.  i  8.) 

Rule. 

Make  ^P  =  40  •  =  the  Parallel's  Diftance  from  the 
ft'lmtdTe^  and  draw  ^C  and  BD  perpendicular  to  each 
other;  or  make  BF  =  50*  =  the  ParallcPs  Diftance  from 
the  .Pole  of  the  Primitive,  and  drkW  DFxo  cut  the  Di-^ 
amctcr  ^C\n  G,  then  with  the  Radius  iSG,  and  Cen- 
ter £,  dcfcrlbc  the  Circle  GHthc  Parallel  required. 

By  the  Seftor. 

With  the  half  Tangent  of  50%  (the  Paralkrs  Dif- 
tance from  the  Pole  of  the  Primitive)  on  the  Center  E 
defiaibe  the  Qrcle  GIf  the  i-equir^d  Parallel 

F  K.  O  p.     V.      P  R  O  B. 

To  draw  a  kjfer  Circle  perpendicular  to  the  Primtive^ 
midparaOil  to  the  right  Circle  BD,  at  the  "Diftance  of 
^o*  from  its  own  Pole,  or  $Q^from  its  parallel  great 
Circle. 

.    R  U  L  £• 

Through  the  Fble  £dniw  the  Line  of  Meafures  .AK, 
siake<7Fc:  CB:sz  40*  the  Parallel's  Diftance  from  its 

D  d  own 
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iown  Pole,  and  draw  2>F>  "DK  to  cm  ^K  in  /  and  JT; 
biffca  IK  in  G,  on  the  Center  G,  with  the  Radius  GI 
(=  GK)  defcribc  the  parallel  Circle  FH.  Or  EF  be- 
ing drawn^  from  F  draw  FG  -l  to  JEl^  to  cut  .AKin  G; 
on  the  Center  G,  with  the  Radius  GF  (=:  the  Tangent 
of  40*  =:  the  Parallel's  Diftance  from  its  Pole)  defcribc 
the  Circle  FH  as  before.    (Fig.  20.) 

« 

By  the  Sedor. 

Make  CF  =  40 •  si  the  ParaUePs  Diftance  from  its 
Pole,  with  the  Tangent  thereof^  and  one  Foot  in  F, 
with  the  other  crofs  the  Line  of  Meafures  ^K  in  G  the 
Center  of  the  Parallel ;  or  fet  the  Secant  of  40*  from 
the  Pole  £  to  G^  then  with  the  Radius  G/^  or  the 
Tangent  of  40%  and  Center  G,  defcribe  the  Parallel 
FK    (Fig.  20.) 

r 

Pro  P.   VI.    Pr  o  B. 

31?  draw  a  Circle  abtmt  a  given  Pole  p^  at  40*  Dif- 
tance from  it,  or  ^o*  from  its  parallel  great  Circle  BRDt 

Rule. 

Through  the  Center  E  and  the  given  Pole  p  draw 
the  Line  of  Meafures  r/,  draw  2>^P  to  cut  the  Primi- 
tive in  P,  and  make  PG  =  P/  =  40*  =f  the  Paraller$ 
Diftance  from  its  Pole,  or  fet  50*  (the  Circles  Diftance 
from  its  Parallel  great  Grcle  CRT))  from  B  to  G,  and 
make  GP  =  PI  =s  40*  as  before;  then  frdm  D  draw 
VG,  7)1,  which  wiU  cut r/ in  F and /,  fowUl-F/be 

the 
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the  I^ameter  of  the  FaraUel,  which  bv(k&  in  c  the  Ceo- 
tcr,  on  which  with  the  Radius  cF  =  cl  dcfcribe  the  Cir* 
dc  FHI  which  will  be  diftant  40*  from  its  Pole  />,  and 
50*  fironr  its  Parallel  gre^t  Circle  CRD,  as  was  required. 
(Fig.  ii) 

By  the  Sefton 

Meafire  Ep  on  the  Semicftngents  (^  70*^,  then  fet 
the  half  Tangent  of  70*  —  40*  =  30*  from  E  to  F,  as 
alfo  the  half  Tangent  of  70*  +  30'  =  ibo*  from  E  to 
/;  round  the  Diameter  FI  defcribc;  th«  Circle  Fffl  the 
P^lel  required. 

Note,  If  the  Circle  lie  all  on  one  Side  E,  thefc 
half  Tangents  ^re  fet  the  fame  Way  from  E  upon  the 
tine  rl,  but  if  tl^e  Circle  eucompaf^  the  pole,  ea(:h.  i^ 
fct  its  own  Way, 

P  a  o  p.   Vn.    Pros. 

To  dtcm  a  great  Circle  throagb  any  two  Points  A^,  B 
vitbiit  the.  primitive  Circk  D£GH. 

R  U    L    Ef 

Through  ^  (the  Point  fartheft  diftant  from  the  Cen-? 
ter  of  the  Primitive)  draw  the  Diameter  jD£,  at  right 
Angles  to  which  through  the  Center  C  draw  another 
Dimeter  EH;  draw  ^E^  and  from  E  creSt  the  Per- 
pendicular EK,  to  cut  *pL  continued  in  a  third  Point 
K  Through  the  two  given  Points  ^^  5,  and  this  laft 
third  Point  JC,  draw  the  great  Circle  ISK,  cutting  the 
Primitive  in  oppofite  Points  I,  ,G.    (Fig.  22,^ 

Dd  2         .  By 
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By  the  ScAor. 

Find  the  Vcgvcfs  \n  C^;  the  Semita^geat  of  whofc 
^Supplement  fet  from  C  to^K,  fo  isJCa  third  Point, 
through  which  draw  a  great  Circle  IBK  as  before.. 

Or  thus; 

Mcafure  C^  on  the  Tangents; '  fet  the  Tangent  of 
Its  Complement  from  Cto  K. 

.     ?R.O  P.     YIIJ..    P,ROB.         .' 

to  draw  a  gteaiCi^1er&u>id  It  gi&^Pcle  ¥^      . 

■  •  •  .    .1 

*rhroug1ii  ttje^iten 'Pb!e  Fd^^  the  Line  bf  ^fea- 
ftires  ^H,  at  ^ght  AhglefJ  towfei£h  through' the' Cen- 
ter E  of  the  Primitive  draw  the  Diameter  BTf;  through 
the  Pole  F  draw,  T>FP,  mi  make  PH  =  5P;  alfo 
from  /f  draw  Hi),  whicK  will  give  the  Point  H,  the 
C&:n^er  o(  iKd'^ibHsiie  Circle'' r^ired,  oa  wJiid  with 
the  Radius  H£  or  IW  dtSdri^  the  gteac^irdt  £FIh 
(Fig.  23.) 

1 

By  the  Seftor. 

,  Apply  JJFao  the  Se<nitrogait$^  fet  the  Tangcqt  of. 
thefc  Degrees*  fri^m  JE  to  H  xht  Center  of  tfee  repaired 
great  GtdtBW. 


Fr  Q  p.    IX     PR  O  B. 

To  draw  d  Circk  round  a  given  Pole  A,    to  fa/s 
through  a  giien  P^lnt  B.    (Fi g.  c^.) 

Rule 


Sefi.  ly.  Of  jb€  SfHERE,  ^03 

Rule. 

Through  the  giycn  Pole  A,  from  the  Center  C  draw 
the  Line  of  Meaibres  CAH^  alfo  through  A^  B  de- 
fcribe  a  great  GrclcE  BF  whofe  vX^S^picr  is  G;  draw 
GB,  and  from  B  draw  BJ>  perpendicular  to  GB,  iq 
cut  CAH  in  2>;  on  the  Center  2>,  with  the  Radius 
!D5  defcribe  the  Circle  SKHf,^^  and  it  is  done.  For 
by  the  Conditions  of  the  PrpU  the  Arch  AB  is  the 
required  Circle's  Diftance  from  its  Pole.^j  and  as  GB 
is  the  Radius  of  the.  Arch  ^JS,  therefore  j?*2)  being 
crefted  perpendicular ,  to  GB,  at  B  in  the  Periphery, 
will  be  a  Tangent  Line,  to  the  Arch  AB ;  which  tan. 
gentia)  Liije  cuuing  CAH  in  1)^  will*  (l?y  Prop.  4.)  be 
Ac  Radius  of  the  requfred  Circle,    '-/., 

3P.RO  P.    X.      PjR*  OB. 

-»   1  .         .  ....  •  * 

To  draw  a  great  Circle  perpendicular  to  the  Primitive^ 
to  mate  an  Angle  of  any  i^umbe'r  of*Degrees  {/ufpofe$o*) 
of  the  Center '  of'  tb^.  J^mitive. 


>    .     Rule.* 

Let  A  BOD  be  the  primitiye  Circle,  whofe  Pole  it 
Si  through  -E  draw'  AEC  and  BET>  -pcrpendictal^  td 
each  bther;  make  ;ffit=  2)/rt  50*  ^  the  Quanrity  of 
the  propofed  Angle,  and  from  /T,  through  the  Pole  E 
4raw  the  right  Grcle  KEI,  ^hich  will  make  an  -^ 
B-fiJt  ^  T>Et  at  the  Center  of  tffie Primitive  =  50%  as 
5WS  required.    (Fio,  18.) 

Pkop. 
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Prop.   XL    Prob. 

To  draw  a  great  Circle  to.  make  an  Angle  vntb  the 
Primitive,   of  afy  Ntmker  of  T>egr^s,  (^c,  {Jupfofe 

so:). 

Rule. 

Quarter  the  Primitive,  by  drawing  the  Diameters 
AFC,  BFD ;  then  fuppofing  AFL  the  Line  of  Mea- 
furcs,  make  AK:=.  50*  =  the  Quantity  of  the  propo- 
fcd  Apgle,  and  DM  =  2  KB  =  twice  the  CJomplen^ent 
of  the  Inclinatipn  =  80  •,  or  BM=:  2  AK  =:  twic^  the 
IncKnation  =  loo* ;  draw  ©E/C,  DML  to  cut  the 
line  of  Meafures  in  E  and  L\  on  the  Center  i,  with 
the  Radius  LE  defcribc  the  great  oblique  Circle  BEHi^ 
making  an  Angle  at  B  with  the  Primitive  of  50 •  (F.25,) 

By  the  Scfton 

Draw  the  Line  of  Meafures  AL^  fcft  the  half  Tangent 
of  40*  (the  Complement  of  thp  Circle's  Inclination  to 
the  Primitive)  from  FtoE,  as  alfo  the  Tangent  of  50* 
(the  Quantity  ofthelpclipatiou)  ffom  i^.tpL;  widx  the 
Radius  LE  and  Center  L,  defcribe  the  great  oblique  Cir- 
cle BE1>  which  will  cut  the  Primitive  ia  B  and  2>, 
md  make  therewith  au  Angle  of  5q%  ^s  was  required* 

Or   thus ; 

Set  the  Tangent  of  the  Inclination  (50*)  from  F 
to  L,  with  the  Secant  thereof,  and  Center  L,  fwecp 
the  Circle  iJJF©,  and  it  is  done. 
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P  &  o  p.    XIL    P  R  o  B. 

?S  draw  a  great  Circle  through  a  given  Point  P,  to 
make  a  given  ^gle  ijupfofe  30*)  with  the  Primitive 
ABCD.    (Fig.  26.) 

Rule. 

Through  the  given  Point  P  and  Center  JE  draw  the 
Diameter  .AEC;  make^C?  =  twice  the  propofed  Angle 
=  6o%  and  draw  CHG,  to  cut  BET)  in  H;  fo  EHk 
the  Tangent  of  the  propofed  Angle,  or  Tangent  of  3  o  % 
with  which  as  a  Radios,  on  the  Center  E  defcribe  the 
Circle  HIK^  hi  fome  Pirt  of  which,  the  Center  of  the 
reqnired  Circle  will  be  found,  as  the  Centers  of  all 
great  Ch-cles  (by  Prop,  5.)  are  diftant  from  the  Center 
of  Ac  Primitive,  the  Tangents  of  their  Inclinations  to 
the  Primitive,  and  their  Radii  the  Secants  of  thefe  In* 
dmations.  Now  as  CH  is  evidently  the  Secant  of  the 
-<i:i  HCEf  It  is  the  Secant  of  the  given  -s^  of  30!,  and 
confcquently  the  Radius  of  the  required  Grcle ;  Acre- 
fore  with  the  Radius  CH,  and  Center  P,  crofs  the  Cir- 
cle HIK  in  K.  With  the  Radius  KP,  and  Center  i; 
defcribe  the  Circle  FPL  required. 

By  the  Sefior. 

With  the  Tangent  of  30%  and  Center  JB,  defcribe 
the  Circle  HIK;  with  the  Secant  thereof,  and  Center 
J^p  crofs  the  Circle  HTK  in  K  On  the  Center  K,  and 
Radius  KP,  defcribe  the  FPL  as  before.    (Fi  o,  2  6.) 

Prop. 
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P  &  o  r.    XUL     F  R  o  B. 

STi^  ^rtf  u;  ^  great  Circle  to  make  a  prfipofed  Af^  of  my 

Number  of  Decrees  y  (^c.  (f^fp^^  ^S^  Z^* }  ^''*  * 
given  oblique  Circle  EPK^  4t  a  given  Point  P^  in  tkqf 
Circle.    (Fig.  27.)  ^ 

Rule. 

Through  the  given  Point  P  and  Center  S  draw  the' 
right  Line  -ff2),  alfo  through  5  di?w  •/jfC  ju  to  fi2>, 
and  from  A  diiaw  ^Pi^  to  cut  the  primitbre  Cirdc  ia 
Fi  make  C/  =?  2  -ffjF,  from  /draw  /^  to  cut  5©  iij, 
ikf,  and  through  il^draw  OQ^  parallel  to  jiC,  in  which 
Line  Qj^will  be  .found  the  Centers  of  all  great  oblique 
Circles  paffing  through  the  Point  P.  Find  i/the  Ccn- 
ter  of  the  given  oblique  Qrcle  EFK,  and  make  an  ^dC 
IiPN:=i  25*  3o^>  and  draw  FN;  on.  the  Center  N^ 
,with  the  Radius  KP  defcribe  the  Circle  GPL^  whid}  . 
mil  interfeA  EPK  in  P,  and  make  an  Angle  therewith 
of  20*  30^^  as  was  required. 

,    By  the  Seftor. 

t  N  •  I 

Through  SP  draw' the  Diameter  .03),  and  ciifoK^Ii 
S  draw  ^C  x  jKD  ;  meafure  5P  oa  the  Semitangents^ 
fet  the  Tangent  of  M  Complement  from  S  to  M,  and 
through  Mdraw  02,-l  52) ;  find  the  Center  H,  mea- 
fere  MW  (=41*  ooQ  on  the  Tangents,  then  41*  bo' 
—  25*30^=:  15*  30^^  the  Tangent  of  >vhich  fet  from 
-W  to  AT,  the  Center  of  the  required  Circle.  Note,  If 
one  Circle  is  to  be  dr&wn  perpendicular  to  another,  it 

muft 
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muftpafs through  its  Poles;  as  the  right  Ciftlcv^is  ju 
to  the  right  Ciitle  j^Z)^  pafUng  through  its  Poles  w^ 
C;  it  is  alfo  perpeudiciihr  to  the  Prifflitite  «^C!Cf. 

PHOP.     XIV.     PllOB. 

^brougIj(  a  given  Faint  P  /«  dlr/7t(;  a  great  Circle,  to 
make  a  given  uing/e  (=70*  00^)  witk  a  given  great 

R   U    L    E. 

•  »     ■  • 

Draw  the  great  Circle  EF  about  the  giyen  Potni  P 
coofidered  dB  a  Pole,  by  Prop.  8,  aud  find  p  the  Pole  of 
the  given  great  Circle  57),  by  Prop.  3,  round  the  Pold 
/  draw  the  leffer  Circle  IKL  (by  Prop.  6-)  at  70*  Dif* 
tance  from  it,  to  cut  the  great  Qrcle  EF  in  I;  around 
the  Pole  /draw  another  great  Circle  EPF  (by  Prop.  8.) 
which  will  not  only  pafs  through  the  given  Point  P,  but 
will  aifo  cut  the  given  great  Circle  £!D,  and  make  an 
Angle  with  it  of  70%  as  was  required. '  For  as,^  is  the 
Pole  of  the  given  great  Qrde  j5©,  and  /  is  the  Pole 
of  the  required  Cirdc  EPF,  thofe  two  Pol^  are  dif- 
taiiit  from  each  other,    the  Space  of  the  lefler  Circle 
IKL  from  its  Pole,  viz.'yo*  (the  Quantity  of  the  givca  . 
Angle) ;  and  confequently  the  two  great  Circles  mud 
interfefk  each  other  in  an  Angle  of  7o^ 

By  theSeftor. 

Through  the  Center  C  and  the  given  Point  P  draw 
the  right  Line  CP,  find  p  the  Pole  of  the  given  great 

E  c  Circle 
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Grcle  SfD^  meafare  CP  on  the  Semitaogents,  fet  the 
Tangent  thereof  from  C  to  jr,  with  the  Radius  £jr,  or 
the.Secant  of  the  Degrees  in  CP^  and  Center  x^  defcribe 
the  great  Circle  JEF.  Then  Cp  meafured  on  the  Se*. 
mitangcnts  is.  34%  and  70— .34=  36*;  therefore 
make  Cr  =  Tangent  of  1 8  • ;  alfo  70  +  34  ==  1 04*,  the 
Tangent  of  whofe  Half  52  fet  from  C  to  f ;  around 
tfie  Diameter  rs  defcribe  the  fmall  Circle  /ATZ,  to  ctlt 
£Fin  /;  again,  find  the  Degrees  in  C/^  the  Tangent 
of  which  fet  from  C  to  v ;  on  the  Center  v  with  the 
Radius  Ev^  or  the  Secant  of  the  Degrees  in  C/,  defcribe 
the  great  Circle  EPF^  which  will  pafs  through  the 
Pomt  Py  and  cut  the  given  great  Circle  B^  in  an  Ai^ 
glc  of  70  Degrees,  as  wa*  required; 

Prop.    XV,    P  r  o  b. 

Given  fkvo  ^reat  Circles  B*E,  FD,  through  which  a 
great  Circle  is  to  be  drcnvn^  to  make  an  Angle  of  ^i^ 
with  BE,  andrfs^^  with- FD.    (Fi g .  2 9.) 

Find  X,  V  the  Poles^  of  the  given  great  Cirdes  BB^ 
PD;  about' thefe  Poles  draw  two  fmall  Cirdes  fm,  fan 
(by  Prop.  6.)  at  the  Diftance  of  72*  from  the  Pple  x, 
and  of  5  6*  from  the  Pole  v;  about  their  Point  of  Intcp- 
feftioii  p  defcribe  the  great  Qrde  ^G,  by  Prop,  8r 
which  will  cut  BE  and  FD  zt  the  required  Angles. 

Prop.    XVL       Pr  ob. 

7i  meafure  any  Part  FH  of  a  great  oblique  Circle 
Bi'E,  or  to  lay  any  Number  of  "Degrees  thereon,  (t.  30.) 

Rule 
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I 
R   U    L    E. 

Find  theintcnial  Pole  P  of  the  given  Circle  BFE\ 
^irough  the  Extremities  of  tlie  Arch  FHC^vnf  PG,  Pjf, 
to  cut  the  primitive  Qrcle  in  G  and  ^;  then  the  Arch 
./Ki  is  the  Meafure  of  FH  =51'.  Or  lay  the  Chord 
of  51  •  from  ^  to  Gf  and  draw  ^P,  GP  to  cut  BFE 
m  Fy  Hf  fo  is  the  Arch  FH  =51%  Or,  if  you  ufc 
the  external  Pole  /,  fet  the  given  Degrees  (5 1  •)  from 
2>  to  /,  and  dnwpHl,  fFD^  cutting  oflf  an  Arch  Ffl 
=  Meafure  of  the  Arch  2)/  =51*.  Or  the  Pole  /  be- 
ing found,  if  from  />  you  draw  fFT),  jf>HI,  it  will  cut 
/aflTan  Arch  FH^s  before.  •  (Fip..  30.) 

Prop.   XVIL    P  r  0  b. 

To  meajure  any  Part  FE  ef  a  right  Circle  AC,  cr  te 
fit  any  Number  ofT>egrees  thereon.    {Fig.  25.) 

R  u  j:.  £. 

» 

From  the  Pole  ©draw  the  Une  'D'E.K,  to  cut  the 
PrimitiTe  ia  iT;  then  BK  meafured  on  the  Chords,  is 
36*  =  the  Meafure  oiF  FE,  as  alfo  is  AK  =  54*  =  the ' 
jyieaforc  of  AE. '     " 

By  the  Seftor. 

Take  FE  in  your  Compaffes,  ind  apply  it  to  the 
Tangents,  and  it  will  give  18',  Tjrhofe  Double.  36*  is. 
die  Meafore  of  FE. 

Ee  a  Or 
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Or  the  Tangent  of  Half  the  gWcD  Degrees  fet  from 
f  towards  A^  will  give  F-E  =  the  faid  Quantity.  If 
the  Part.  AK  is  to  be  meafuredy.  ^PP^y  ^^  ^o  the  T^- 
gents  from  45  ^ackyeards ;  or  if  the  Degrees  are  to  bp 
Jet  from  A  towards  jF,  t;jke  off  the  Degrees  from  45  * 
towards  the  Beginning  of  tbt  Tangents,  and  fet  from 
A  towards  T. 

Pi  6  p.    XVlt.    Pro  «. 

7o  meajureany  Part  NO  of  a  lejfer  Circle  NRS,  drU 
Uy  any  Number  of  Degrees  on  it.    (Fi  g  .  3  i.) 

Rule. 

Find  P,  p  the  internal  and  external  .Poles  of  the 
given  Circle  I^k^,  alfo  let  ABCD  be  the  primitiyc 
Circle, .  whofe  Pole  is  £.  PN  meafured  is  64  •  =  Dif- 
tance  of  the  given  Circle  NRS  from  its  internal  Pole  Pp 
alfo  1 80 •  —  64*=  1 16*  its  Diflance  from  its  external 
Pole^;  then  with  the  Tangent 'of  58*  C=  ii6'  -?-  2) 
dcfcribc  the  Circle  IGH  parallel  to  the  Primitive ; 
through  the  Extremities  of  the  Arch  NO^  from  the  lom 
tcmal  ole  Pdraw  the  right  Lines  POF^  Ptif^  to  ciit 
the  parallel  Circle  IGHxxx  */and>,  then  is  //'the 
Meafure  of  the  Arch  NO  =57*.  Or  57*  being  fct 
from  /to  Ff  and  the  Lines  INP^  POP  bemg  drawn^ 

will  cut  off  the  Arch  NO. 

» 

Or  thus;  draw  a  Circle  JTZj^paraHeito'ihe  Prittii- 
tJve,  at  64*  Diflance  from  it  (vi2.  the  givep  Circle's 
Pittance  from  its  external  Pole  f);  from  f  draw  the 
l^io^  ^NHf  fOG,  which  will  cut  off  an  Arch  Jg,  =3 

57^ 
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57*  =  die  Meaiore  of  the  Arch  NO.  Or  if  57*  be 
fee  from  T  to  Qj,  and  the  Lines  pNti^  pOG  being 
drawn,  will  cut  off  an  Arch  NO  as  before;    (Fko.  31.) 

P  n  o  p.    XIX.    P  K  o  B. 
To  meafun  any  ^ngk  FEE 

Rule. 

YitA  the  Poles  Af,  JVof  the  adjoinrag  Sides  FE,  BEf 
\j  Prop.  3,  (the  neareft  if  the  Angle  be  acnte,  bat  the 
fartheft  If  it  be  obttife) ;  through  the  angular  Point  and 
diefe  Poles,  draw  Lines  to  cut  the  Primitife  in  ATand  JL ; 
the  Chord  of  the  Arch  KL  is  35*  =  the  Meafure  of 
the  given  Angle  FEB.    (Fi  g  .  3  2 .) 

Or  thus ;  about  the  angular  Point  E,  as  a  Pole^  de- 
fcribe  the  great  Circle  FMG  to  cut  the  contaming  Sides 
/E,  BE  in  J?and  O;  thro'  thcfe  Points  F,  6,  from 
the  angular  Point  E  draw  Lines  to  cut  the  Primitive  in 
/  and  .Ay  then  the  Arch  IH\%  the  Meafure  of  the  An- 
gle FEB  ^  35%  as  before. 

GENERAL    PROBLEM. 

to  frojed  the  Sphere,  on  any  Plane. 

Before  the  Circfes  of  the  Sphere  be  projected  upon 
the  Plane  of  any  of  its  Circles^  it  is  requifite'that  you 
be  acquainted  with  the  Pofition  of  feveral  of  the  prin- 
ppal  CIkIcs  of  the  Globci  their  Nantes  and  other  aftro- 

oomicai  Terms  m^  ufe  of  in  a  Work  <if  that  Sort. 

Tie 
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Tie  Natnes  rf  the  principal  Points,  Circles  great  find 
finally  ^gles  and  circular  Arches  are  as  follows . 

I.    Points. 

1.  The  Zenith  Z  is  the  vertical  Point,  or  that  Point 
m  the  Heavens  which  is  direftly  over  our  Heads. 

(^^<^-  Zh  34.  35.  3^-) 

2.  The  Nadir  is  that  Point  which  is  oppoiite  to  the 
Zenith  zsA  is  direflly  under  pur  Feet,  a$  iVj  th^fe 
Pomts  are  tte  Poles  of  the  Horizon. 

3.  The  Poles  of  the  World  P,  p  are  thofc  Points, 
vpon  which  the  Earth  turns  in  its  diurnal  Motion  round 
the  Sun. 

4.  Equinoftial  Pdnts  arc  the  Points  of  Interfeflion  of 
the  Equinoftial  and  Ecliptic,  as  V  ^. 

5-  Solftitial  Points  ffi  Vf  arc  90'  diftant  from  the 
^quinoaial.fqints.     \ 

2.     6s.  £  A  T   Cl  R  C  L  £  S. 

1.  The  EquinoSial  FG  is  diftant  frpm  the  Poles  of 
the  World  90  Degrees. 

2.  Mendians,  aire  Circles  paffing  through  the  Poles  of 
the  World,  and  cutting  the  Equinoctial  at  right  An- 
gles, asP^,  PQp/Szc  • 

3«  The  Equinoctial  Colure,  is  a  Meridian  cutting 
the  Ecliptic  in  the  Equinoctial  Points  Y  apd  ^,  as  PEp. 

4«  The  Solftitial  Colure,  is  a  Meridian  pacing  through 
the  Solftitial  Points,  P  S  />. 

5'.  Elliptic  is  that  Circle  through  which  the  Sun 
^ms  to  move  in  the  Space  of  a  Year  j  it  is  divided  iii- 


^9 
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to  1 2  equal  Farts  xalled  Sign's,  \^hofe  Charaders  are 
V,  V,  n,  ®,  Si,  "Vi  ^9  '^,  A  ^i  ^f  ^9  and  read 
thus,  Aries,  Taurus,  Qemtni,  Cancer,  Leo,  Virgo, 
libra,  Scorpio,  Sagicary,  Capricorn,  Aqoaries,  Pifces. 

6.  Horizon,  is  a  Cirele  90'  diftant  from  the  Zenith 
and  Nadir,  as  «^« 

7.  Azimuths,  arc  vertical  Circles  pailing  through  the 
Zenith  and  Nadir,  as  Z  0  iV. 

8.  Qrcles  of  Longitude,  pafs  through  the  Poles  of 
the  Ecliptic. 

9.   LesserCircles. 

i.  Tropic^,  irct^fro  Circles  parallel  to  the  Equinoc- 
tial, and  diftant  from  it  23*  30' ;  the  one  is  called  the 
Tropic  of  Cancer,  being  on  the  Northern  Side  of  the 
Equinoftial ;  and  the  otlier  the  Tropic  of  Capricorn, 
being  on  the  South  Side  of  the  Eqmnoftial. 

2.  Polar  Circles,  are  diftant  from  each  Pole  34'  30'; 
that  towards  the  North  Pole  is  called  the  Ar£tic  Circle, 
and  that  towards  the  South,  the  Antarftlc  Circle. 

3.  Parallels  of  Latitude,  with  Refpeft  to  the  Earth, 
are  parallel  to  the  Equator^ 

4.  Piirallels  of  Latitude,  with  Regard  to  the  Hea* 
Tens,  are  parallel  to  the  Ecliptic. 

5.  Parallels  of  Declination,  are  parallel  to  the  Equl- 
no^al,  as  HMl. 

6.  Parallels  of  Altitude,  arc  fmall  Circles  parallel  to 
thcHorizon,  asiTOZ. 

4,  An- 


I 
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4.  Angles  and  Ci&culaji  Archer, 

r.  Azimuth,  is  an  Arch  of  the  Horizon,  between  m 
Tcrtical  Circle  and  the  North  or  South  Pdnts  of  the 
Horizon,  as  ^^  is  the  Sun^s  Azimuth  from  the  Sonth^ 
whofe  Supplement  BC  is  the  Azimuth  from  the  North. 

2.  Amplitude,  is  an  Arch  of  the  Horizon,  between 
the  Sun  at  his  rifmg,  or  fctting,  and  the  Eaft  or  Weft 
Points  of  the  Horizon  as  EN. 

g.  Altitude,  is  an  Arch  of  an  azimuth  Circle  between 
the  Sun  or  Scar  and  the  Horizon,  as  O  jB. 

4.  Right  Afcenfion,  is  an  Arch  of  the  Equino6HaI^ 
between  the  firft  Point  of  Aries  and  that  Meridian  which 
pafles  through  the  Body  of  the  Sun  or  Star,  a?  v  (j. 

5.  Afcenfional  Difference,  is  an  Arch  of  theEquinoc* 
tial  intercepted  between  the  Sun's  Meridian  at  his  Rifing^ 
and  the  Hour-circle  of  fix;  or  it  is  the  Angle  at  the 
Pole  between  thofe  two  Hour-circles. 

6.  Oblique  Afcenfion,  is  the  Sum  or  Difference  of 
the  right  Afcenfion  and  afcenfional  Difference. 

7.  Sun's  Place  or  Longitude,  is  an  Arch  of  the  Eclip^ 
tic,  between  the  firft  Point  of  Aries  and  the  Sun,  as  Y  O* 

Example   I. 

To  projeft  the  Sphere  on  the  Plane  of  the  Meridian, 
forLat.  54'i,  at  Half  an  Hourpaft  p  o'CJock  before 
Noon,  May  15,  176^. 

I.  Orthogratphicalfy. 

With  a  Qiord  of  6b*  ddcribe  the  priminre  Grcle 

Z.4JVC, 


Se&IY.  Of  tie  SiuztLi^  tt$ 

ZANCy  reprefcoidng  tfa^  MendiAn;  ftt  the  ChorH  of 

the  Lat.  (54'i)  *«>**  C  vo  P^  and  from  Z  td  JP,  awl 

draw  FEG  tike  EquinolHal,  aad  P£^  the  Earth'c  Axis, 

or  Hour-circle  of  Six.    By  IVop.  8^  draw  the  M^idiafi 

P<5p,  at  3i  Hours  (or  ^a  •  30^  f^om  Si>t;  fet  the  JSun'^^ 

Declination  for  the  given  Time  (i^*)  A"om  G  to  /, 

and  from  F  to  H,  and  draw  the  Parallel  of  Dedinarion 

HI,  to  cut  the  Iiour.circlc  F(^p\n  <D  the  Pkce  x>f 

the  Sun  at  Half  an  Hour  paft  9  o'clock  before  Noon* 

Throogh  Q  draw  the  Paralld  of  Alttcude  KQL;  alfo 

draw  the  Parallel  of  Twilight  i8*  below  the  Horizon, 

Ss.     Through  ©  defcribe  the  AzimWh  Qrde  ZtBN 

by  Prop.  8.    Tbca  MJN  meafur^  by  Pfop.  1 1,  and 

couTcrted  into  Time,  is  what  the  Sun  rifes  before  Sii; 

C©  ia  bis  AUitude  at  Six,  CL  (==  ^K)  his  Altitude  at 

Ifatf  an  Hour  paft  Nine,  ^B  his  Azimuth  from  the 

Sooth  at  the  fame  Time,  BC  his  Azimuth  from  the 

North,  and  £j^hii  Altitude  when  due  Eaft.    ^i^  h 

the  Sun*9  Amplitude  at  riCng  br  fctting.  As  the  fafatlei 

df  Twilight  IS  not  cut  hy  the  Parallel  oF  the  Sun^s  De- 

dinatioo,  therefore  there  is  no  real  Night  ia  that  X^ti-^ 

tttdc>  but  Twilight,   {tie.  33.) 

^.  jStereographicail]^^ 

With  a  Chord  of  <Jo*  defcribe  the  Circle  Zj^NC 
for  the  Plane  of  the  Meridian ;  draw  ^{J  the  Horiton^ 
at  right  Angles  to  which  draw  the.jprime  Vertical  2JV. 
Set  fhe  Latitude  54 'i  from  C  to  P,  and  from  Z  to  F, 
and  dra^  the  Axis  PEp,  at  right  Angles  to  which, 
through  the  Center  £,  draw  the  Equinoftial  FEG;  (o 
is  P  the  North  Pole  of  the  Globe,  and  p  the  South 

Ff  Pole 
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Pole.  Set  3i  Hours  (or  52*  30^  from  £  to  O  upon 
jhc  Equinoftial,  and  draw  the  Hour-circle  POp  by 
Prop.  ir.  By  Prop,  5,  draw  the  Parallel  of  the  Son's 
DeclinatioQ  19*  for  May  15,  /fO/,  which  will  ioter-» 
fea  the  Hour-circle  POp  in  O  the  Sun's  Place.  Thro' 
©  draw  the  Parallel  of  Altitude  KQL,.hj  Prop.  5, 
and  the  Azimuth  Circle  ZQN,  by  Prop  1 1 ;  alfo  draw 
Ss  parallel  to  the  Horizon,  at  the  Diftance  of  18"*  be- 
low it ;  this  is  the  Parallel  of  Twilighc  Through  ©, 
by  Prop.  I4r  draw  a  great  Grcle  Y0^,  to  cut  the 
Equinofiial  FEG  in  an  Angle  of  23*^;  this  Circle  is 
called  the  Ecliptic    (Fia  37.) 

Now  it  is  cTident  by  the  Proje^ion,  that  at  1 2  o'€3ock 
at  Night  the  Sun  is  at  /,  rifes  at  iV^  is  upon  the  Axis 
(or  Hour-circle  of  Six)  at  M,  full  Eaft  at  ^,  at  O  at 
Half  an  Hour  pad  Nine  in  theMomiagy  and  at  if  at  12 
at  Noon«  The  Arch  MN  meafuredy  and  converted  into 
Time^  is  what  the  Sun  rifes  and  fets  before  and  after 
Six  o* Cock;  »yiB  meafured  by  Prop.  18,  is  the  Sun's 
Azimuth  from  the  South,  and  £C  his  Azimuth  from 
the  North ;  or  the  .^r:.  ^ZB  meafured  by  Prop.  19,  is 
the  Azimuth  from  the  South,  and  the  ^ii,B  ZC  {•=>  Sup* 
plement  of  the  -::!  AZB)  the  Azimuth  from  the  Nonh* 
(^B  meafured  by  Prop.  16,  is  the  Sun's  Altitude  at  Half 
an  Hour  paft  Nine)  Q^E  his  Altitude  when  Eaft,  and 
C2>  his  Altitude  at  Six  in  the  Morning  and  Evening, 
EN  meafured  by  Prop.  1 7,  is  the  Amplitude  North,  at 
the  Sun's  rifing  or  fetting.  Y  O  is  the  Sun's  Longitude, 
and  Y.O  bis  right  Afccnlion  at  the  givcnTime.  (Fi  g  .  34.) 
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Example    II. 

To  projed  the  Sphere  on  the  Plane  of  the  Meridian 
of  theibUUtial  Colure^  for  Ma/  22,  i  ^6%  at  10  o'Qock 
IB  the  Morning,  Laticode  54*?. 

Steireographically^ 

Let  PFpG  be  the  Plane  of  the  folftitial  Colure; 
Aaw  PEp  the  Axis,  and  FG  perpendicular  to  it  for 
the  Equinoftial.  Make  F^  =  23*!,  and  draw  ffi  £v:p 
die  EcKptic.  Set  the  Sun's  Longitude  61*57'^  from  Y 
to  O,  by  Prop.  1 7,  and  through  0  draw  the  i  o  o'Ciock 
Meridian  PQ>p.  Make  Jf/=  go*  or  two  Hours,  and 
draw  PKp  the  Meridian  of  the  Race.  Set  the  Lati- 
tude 54*^  upon  th.e  Meridian  from  K  10  Z  the  Zenith 
of  the  Place,  by  Prop,  1 6 ;  alfp  about  the  Pole  Z  de- 
fcribe,  by  Prop.  IB,  the  great  Circle  ^HC  the  Horizon ; 
through  Z,  0  draw  the  vertical  Circle  Z05,  by  Prop.  7. 
Then  ©  B  meafured  by  Prop.  1 6,  is  the  Sun's  Altitude 
at  10  o'clock,  Z0  his  Zenith  Diftance,  /©  his  Decli- 
nation North,  V/  his  right  Afcenfion,  the  -^  £Z0  his 
Azimuth  from  the  South,  the  -.i^i  jPZO  his  Azimuth 
from  the  North,  L  is  the  culminating  Point,  or  Point 
of  the  Ecliptic  in  the  Meridian  at  the  given  Time,  and 
Af  is  the  Point  of  the  Ecliptic  fetting  in  the  Weft,  or 
the  Point  of  I|iterfcj£Hon  of  the  Ecliptic  and  Horizon, 

Example    IIL 

To  projeft  the  Sphere  on  the  Plane  of  the  Horizon, 
l-at.  54*1,  at  the  laft-mentioncd  Time,  viz.  May  22^ 
1769.  Ff?  Stcreor 
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Stereographicalty. 

yfiiti  a  Oloid  of  ^o*  ddcribe  the  prineSciYo  CidcIc 
C£2>j^»  rq>refcatiQg  the  HoriziMi.  Draw  C2>  for 
the  Meridian,  and  EQ^  perpaidiailar  to  it»  for  the 
prime  Venical,  or  Eaft  and  Weft  Azimuth  Circle.  Make 
ZP  =  35'*  J  the  G>mpIemeQt  of  the  Latitude^  fo  is  P 
tlie  Nor^h  Pole  of  the  61obe^  about  whkh^  bj  Prop.  8, 
ddfcribe  the  Kqiiinoftial  E^Qj;  make  ^G  =  30*  (or 
^.Hours)^  and  draw  the  10  p'CIock  Meridian  BPF; 
ftt  the  Sun's  Declination  19  *^  from  G  to  O  the  Place 
of  the  Sun  at  i  o  o'Clock,  and  through  0  draw  the 
Ecliptic  Y©— jj  by  Prop,  i-^,  to  cut  the  Equinoctial  ia 
Y  and  ^j  in  an  Angle  of  23*^,  alfo  from  Z  through 
0  draw  the  vertical  Circle  ZOR.  About  .^  as  a  Pole^ 
draw  the  Sixo'Clock  Hour-circle  EPQ^.  Thca  GO  is 
the  Sun's  I^ecUnation^  0i(  his  Altitude  at  10  o'Ciock, 
tDR  his  Azimuth  from  iho  Souths  CA  his  Azimuth 
fxom  the  North ;  YO  is  his  Longitude  or  Place  in  the 
Ecliptic^  Y  G  his  right  Afcenfion^  S  the  Point  of  the 
Ecliptic  that  is  in  the  Meridian,  T  the  Point  of  the 
Ecliptic  that  is  rifiag  in  the  Eaft,  H  is  the  Point  of  the 
Ecliptic,  fettingf  in  the  Weft ;,  the  ^  CTS  or  STT>  is 
the  Cu4>  of  the  Afcendant,  and  the  ^  CHS  ov  SfPD 
1^  the  Qifp  of  the.  Defccndaot    (Fxa>  36.) 
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.     D  £  F  I  m  I  T  1  O  N  s. 

I.  ^Phcric  Tngononictiy  tcacheth  us  t^  nature  the 
)^  Sides  and  Angles  of  fpheric  Trianglcs- 

2.  A  great  Crrcfc  of  the  Globe  or  Sphere  is  iuch^  as 
dividcth  It  into  two  eqiiaJ  Parts  or  Hemifpheres ;  thefe 
Circles  arc  infinite  in  Number,  but  the  fix  fbttowmg  art 
accounted  the  chief,  tiz,  the  Equmofitial,  Ech*pticj  Me- 
ridian, Horizon,  and  the  Equinoftial  and  Solftitial  Co^ 
lures;  which  Colures  are  Meridians,  the  one  cutting  the 
Ecfiptic  ra  two  oppofite  Pbints  Y  and  =^,  and  is  called 
rheEquinoftial  Cohire;  the  other  interfering  the  Ecliptic 
in  two  oppofite  Points  ffi  and  Sf,  and  thence  called  the 
Solftitiat  Colure, 

3.  AK  fpheric  Triangles  are  made  by  the  Interfeftioii 
of  three  great  Cfrcfes  of  the  Sphere. 

4.  The  neareft  Diffancc  between  snj  two  Places  on 
the  Surface  of  the  Globe,  is  an  Arch  of  a  great  Circle 
pafling  over  or  through  the  faid  two  Places. 

5.  A  fpheric  Angle  is  conftruQed  by  the  Interie^oti 
of  two  great  Circles  of  the  Spfecrc ;  their  Point  of  In* 
terfeftion  being  the  Angle  ;  and  hence  the  Dppofite  Aa* 
gles  at  the  ImerfcfHon  are  equal,  as  ^CB  s  JCH 

(Fig.  37-) 

6f  The  greatcft  Airgle  X9  CTer  oppc£ce  to  tbe  greateft 

Side, 
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Side,  and  the  lead  Angle  to  the  lieaft  Side ;  alfo  equal 
Angles  have  equal  Sides. 

7.  The  greateft  Side  always  fubtends  the  greateft 
Angle^  the  leaft  Side  the  leaft  Angle^  and  equal  Sides 
equal  Angles. 

.  8.  Every  fpberic  Angle  is  meafurcd  upon  the  Arcl) 
of  a  great  Circle,  at  the  Diftance  of  a  Qiiadrant  or  90 
Degrees  from  it ;  as  £SD  is  the  Meafure  of  the  Angle 
•4  m  the  Triangle  •/iBC^  the  Arch  jiE  being  a 
Quadrant. 

9,  As  in  Plain  Trigonometry,  lb  in  Spherical ;  the 
lUdius  is  a  mean  Proportional  between  the  Tangent  of 
fin  Arch,  and  the  Tangent  G>mplement  of  the  lame  Arch. 

10.  Any  great  Circle  paifing  through  the  Poles  of 
another  great  Circle^  thefe  Circles  iqterfeA  each  othef 
9t  right  Angles. 

XI.  The  Sides  of  any  fpheric  Triangle  ABC  may 
be  turned  into  Angles,  and  the  Angles  into  Sides,  ever 
pbferving  that  the  Complement  of  the  greateft  Side,  or 
the  Complement  of  the  greateft  Angle  to  a  Semicircle 
(or  180*)  muft  be  ufed  in  the  Converiion;  for  in  the 
Triangle  jiBC^  the  Arch  'DEh  the  Meafure  of  the. 
Angle  Aj  becaufe  AT)  and  AE  are  Quadrants ;  ^Ifo 
FG  is  the  lyicafure  of  th?  Angle  fBG  (it  being  the 
Complement  of  the  pbtufe  Angle  B\  and  HI  is  the 
Meafure  of  the  Angle  C,  becaufe  CHdx^  CI  are  Qua- 
drants. Tbeq  it  is  jcvident  in  the  Diagram,  that  KI^ 
is  equal  to  the  Arch  2)jE,  becaufe  KD  and  i£  arc 
Quadrants,  and  LT>  is  a  Complement  common  to 
both :  ML  is  =  the  Arch  FG^  becaufe  MFand  FQ 
are'QuadiTaQt^,  ^nd  Z  JF  is  their  commcMi  Complement : 

■    '  •    '  m 
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MK  is  =  Arch  Hly  becaufe  MH  and  KI  arc  Qua- 
drants^ and  their  common  Complement  is  KH\  and 
therefore  the  Sides  of  the  Triangle  MKL  arc  equal  to 
the  Angles  of  the  Triangle  ^BC,  taking  the  Comple- 
ment of  the  greateft  Angle  B  (viz.  the  .^DBE).  Alfo 
ic  is  in  like  manner  demonflrable,  that  the  Sides  of  the 
Triangle  ^BC,  are  equal  to  the  Angles  of  the  Triangle 
MKLy  the  greateft  Side  being  equal  to  the  Complement 
of  the  greateft  Angle  to  a  Semicircle;  for  ^B  is  equal 
to  the  Arch  EG  =  the  Meafure  of  the  Angle  A4LK, 
and  BC  is  =  the  Arch  FH  =  the  Meafure  of  the  Angle 
KML;  alfo  ^C  is  =  the  Arch  !D/.:=  the  Meafure  o^ 
the  Angle  HKF^  the  Compfemenc  df  the  obtufe  Angle 
MKL.  And  therefore  the  Sides  of  any  fpheric  Tri- 
angle may  be  changed  into  Angles^  and  the  Angles  into 
Sides:     (Fig.  37.) 

12.  The  three  Sides  of  any  fpherical  Triangle,  arc 
lefs  than  two  Semicircles. 

1 3-  The  three  Angles  of  any  fpherical  Triangle  added 
together,  are  greater  than  two  right  Angles ;  and  hence 
k  is,  that  the  Quantity  of  any' two  Angles  being  known, 
the  third  is'  not  of  courfe  known,  as  it  is  in  plain 
Triangles. 

14.  If  any  fpherical  Triangle  hath  one  or  more  of 
its  Sides  Quadrants,  it  is  called  a  quadrantal  Triangle. 

15.  If  any  fpherical  Triangle  hath  one  or  more  right 
Angles,  It  is  called  a  right-angled  fpherical  Triangle. 

1 6.  Thofe  Triangles*  having  neither  a  right  Angle, 
nor  any  Side  a  Quadrant,  are  called  oblique  fpherical 
Triangles. 

17.  If  a  fpherical  Triangle  be  both  right-angled  and 

qua- 


qDidi^attal,  the  Sides  are  equal  to  their  oppoike  Anglc^ 
asi/AfC 


SECT,    I 

fAf  Solution  of  the  feveral  Ck^zt  ofKiQUT'* 
ANGLED  Spherical  Triangles^ 
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THERE  jirc  in  cvcrjr  right-angled  fpherical  Tri» 
angle  five  Parts,  bcfides  the  right  Angk;  as  in 
the  right-angled  fpherical  Triangle  ^BC,  tlie  two 
JLegs  ^B,  BC,  the  two  oblique  Angles  ^,  C,  and  the 
Hypothenufe  ^C  are  the  jSve  Parts ;  o<^  which  five  Parts> 
thofe  three  fartheft  from  the  right  Angle  are  never  ufed 
in  any  Operation,  but  only  their  G>mplcments  j  for  it 
is  plain  by  the  Triangle  ^BC]  that  if  the  Hypothenufe 
^C  be  continued  to  a  Quadrant,  the  Arch  C7)  is  the 
Complement  of  ^^  to  a  Quadrant  or  90'}  alfo  JB2> 
is  the  Meafure  of  the  Angle  ^^  and  being  continued 
to  a  Quadrant,  is  the  Complement  of  El;  the  Arch 
FG  is  =  the  Meafure  of  the  A^glc  Q  and  is  the  Com- 
plement of  the  Quadrant  FH;  and  therefore  the  Hypo- 
thenufe ^C,  and  the  two  oblique  Angles  ^  and  C  are 
never  ufed  in  trigonometrical  Calcinations,  but  their 
Complements  ^according  to  Lord  Neper) ;  but  the  Com* 
plements  of  the  Ijegs  ^B  and  BC  are  ^.^/Z,  and  CI, 
which  are  never  ufed,  but  the  Sines  themfelvQS,  or  the 
Tangents  themfelvcs. 

In 
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Jn  the  Solution  of  any  right- angkd  fpherical  Tri- 
smglc>  two  Things  (befides  the  right  Angle)  mufl  be 
given^  to  find  a  fourth  (the  right  Angle  being  always 
rejeAed,  and  the  two  Legs  fuppofed  to  (land  together\ 
Of  which  three  Things  concerned  in  the  Queftion,  one 
is  always  termed  the  middle  Part^  and  the  other  two  arc 
always  Extreams  either  conjunft  (lying ,  together),  or 
disjiinfi  (being  feparated  by  feme  other  Part).  And 
therefore  to  know  which  of  the  three  Things  concerned 
in  any  Queftion,  is  the  middle  Part,  always  obferve  if 
the  three  Parts  ftand  together,  the  Middlemoft  of  the 
three  is  the  middle  Part;  as  fuppofe  ^C  and  ^B  be 
giveo,  and  the  Angle  vrf  required ;  here  the  three  Parts 
ftand  together,  and  the  Angle  ^  is  in  the  Middle» 
and  is  therefore  the  middle  Part.  But  when  the  three 
Things  concerned  in  the  Queftion  do  not  ftand  toge- 
ther, that  which  ftands  by  itfelf  i^  the  middle  Part :  As 
fuppofe  ^C  and  ^J?  were  given,  and  BC  required; 
here  the  Parts  ^B  and  BC  ftand  together  (the  right 
Angle  B  making  no  Separation)  and  ♦/tfC  ftands  by  itfelf, 
ieparated  from  the  others  by  the  Angles  •/f,  C,  which 
are  unconcerned  in  the  Queftion,  and  thereiore  «/^C  is 
the  middle  Part.    (Fig.  38,) 

There  are  1 6  Cafes  of  right-angled  fpherical  Tri- 
angleSy  all  of  which  take  their  Solution  from  this  cme 
nniverfal  Propofition,  viz. 

The  Sine  of  a  middle  Part  and  Radius,  are  recipro- 
cally proportional  with  the  Tangents  of  the  Extreams 
conjunft,  and  Co-fines  of  the  Extreams  disjunft.  That  is. 

As  Radius :  Tangent  of  one  Extrcam  conjunft : ;  Tan- 
gent of  the  other  Stream  conjunfi  r  Sine  gf  ?he, middle 
lart.    Alfo,  Gg  J^ 
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As  Radius :  Co-finc  of  one  Extream  disjunft  : :  Co-fmc 
ol  the  other  Extream  disjunft  :  Sine  of  the  middle  T*ar>, 

When  the  middle  Part  is  required,  Radius  mufl  come 
firft  in  the  Analogy ;  but  if  one  of  the  Extreams  be  re- 
quired, the  other  Extream  muft  be  firft  in  the  Analogy, 
and  then  the  Radius  either  the  fccond  or  thirds  it  mat- 
ters not  which. 

When  at  any  Time  a  Complement  in  the  Analogy 
falls  tipon  a  Cctoplement  in  any  of  the  circular  Parts, 
you  muft  take  the  Sine  itfelf,  or  the  Tangent  itfelf ; 
for  Confine  of  Co-fine  is  =  Sine,  and  Co-tangent  of  Co- 
tangent is  =  Tangent. 

Secants  may  any  Time  be  introduced  mto  any  Ana- 
logy coafifting  of  Sines  and  Tangents,  by  observing 
thefe  Proportions,  viz. 

1.  A$  the  Tangent :  Radius ::  Radius :  the  Co-tangent. 

2.  As  the  Shie  :  Radius  ::  Radius  :  Co-fecant. 

3.  As  the  Tangent  of  an  Arch  :  Tangent  of  an  Arch : : 
Co-tangent  of  the  latter  Arch :  Co-tangent  of  the  former. 

4.  As  the  Sine  of  an  Arch  :  the  Sine  of  an  Arch  : : 
Co-fecant  of  the  latter  Arch :  the  Go-fecant  of  the  for- 
mer.    See  Martinis  Trigon.  vol.  2.  pa.  103. 

The  feveral  Cafes  of  right-angled  fpherical  Triangles 
aire  refolved  by  ftercographic  Projeftion,  and  alfo  loga- 
rithmically. 

Right-angled  fpbericai  Triangles. 

CASE    I. 

Given  the  Hypothenufe  C  B  =  42  *  3  6^  and  the  Angle 
C  =  54*  40 }  tojind  the  adjacent  Side  C  A.   (Fi g.  39.) 

u3j 
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I.  By  ftereographic  Projcflion, 

With  a  Chord  of  60  •  fwcep  the  Circle  'DEFG, 
make  i^/=  the  Chord  of  54*  40^  (the  given" Angle), 
and  draw  the  Diameter  ///;  make  CB  =  the  Half- 
tangent  of  42*  36^,  and  through  JS,  at  right  Angles  to 
JDF,  draw  the  oblique  Circle  EBG]  fo  fliall  ^BC 
be  the  Triangle  in  which  the  Quefitum  fhall  be  founcj^. 
Then  C^  mcafured  on  the  Half-tangents  is  28*  oc/. 

2.  Logarithmically. 

As  Radius        90*00^     —     10000009 

To  Tan.  Hyp.  C5   —  4^    3^      —      9*9^3574 
SoCof.  .^C      •    54    40      —      9762177 

To  Tan.  C^        —       28    00     —      9725751 

CASE   n. 

Given  the  Hypothenufe  CB  =  42'*  36',  and  the  ^ngle 
iE=  54"  40' ;  tojind  the  oppofite  Side  AB.  (FiQ.  39.) 

1.  By  ftereographic  Prqjcftion. 

Projea  the  Triangle  ^BC  hj  Cafe  i  j  then  AS 
peafured  by  Prob.  16,  is  33*  31'. 

2.  LogariihmicaUy. 
As  Radius  :  S.CB  =  42*  36'  ::  5.  -si  C=  54*  40' : 

Gg2  CASE 
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CASE    m. 

Given  the  Hypotbenufe  CB  =  42*  36^  and  the ^ngle 
C  =  54*  40;  tojind  the  other  ^ngk  B.   (Fig.  39.) 

!•  By  ftcrcographic  Projeftiou. 

Conftraft  the  Triangle  ^BC  by  Cafe  i ;  then  the 
Angle  B  mcafurcd  by  Prob.  19,  is  43'  55^. 

2k  Logarithmically. 


As  Radius :  Taa  ^  C  54*  4c/  :;  Cof.  CB  42'  36^ ; 
Cot. -^£43  •55'. 

CASE    IV. 

Given  the  Hypothenufe  CB  =  42*  36^,  and  the  Leg 
C  A  =  2 8  •  00^ ;  tojind  the  adjacent  Angle  C  (Fig.  39.) 

If  By  flereographic  Projedion. 

Make  C^=  the  Half-tangcnt  of  28*  00',  through 
A  draw  EAG  jl  to  2)jF,  alfo  with  the  Half-tangent 
of  42'  36^  draw  the  parallel  Circle  KBji^  which  will 
cut  the  great  oblique  Circle  BAG  in  5;  through  B 
draw  the  right  Circle  HBI^  compleating  the  Triangle 
ABC.    Then  the  -cc  C  meafured  by  ftob.  19,   is 

2.  Logarithmically. 

As  Radius  :  Cotan.  Hyp.  CB  42  •  36^  ::  Tan.  Leg 
QA  iV  od  :  Cof.  ^  C 54*  4o^ 

CASE 
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CASE    V. 

Given  the  HypdhenUfe  CB =42  *  gtf',  andthejjeg  C  A 
=  28*  00' ;  tojind  the  effofite  ^ngU  B.    (Fig.  39,) 

I.  By  ftcrcographic  PfojeAion. 

Projcft  the  Triangle  *ABC  by  Cafe  4.   Then  mca- 
fure  the  .^s^LBhj  Prob.  19,  which  will  be  found  43*"  $^^. 

2.  Logarithmically^ 
As  S.CB  42^  36' :  Radius  ::  5. C^  28^  oq^  :  S^B 

CASE    VI. 

Given  the  Hypotbenufe  CB  ^  4  2  ^  3  6' ,  and  the  LegCk 
z:  28'  00^  J  toj^nd  the  other  Leg  AB.   (Fig.  35>.) 

I.  By  ftcrcographic  Projcftion. 

Projcft  the  Triangle  ^BC,  as  m  the  laft  Cafe;  Then 
AB  ineafared  by  Prob.  1 6,  is  33^  31'. 

2,  Logarithmically, 

As  Cof.  Leg.  C^  2  8?  00/ :  Radius  : :  Cof.  Hyp.  CB 
42"  3^  :  Cof.  Leg  ^5  gj*' 31^ 

CASE    VIL 

Given  the  Side  C  A  =  28°  00',  and  the  adjacent  ^gle 
C  =  54"  40' ;  tejind  the  opfoftte  Side  A  B.  (Fig.  39.) 

I.  By 
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I.  By  ftereographic  Proje^on. 

Make  C^  =  28^  00^  by  Prob.  1 7,  and  the  -d:i  C  = 
54°  40'  by  Prob*  10.  Through  ^  draw  EAG  pcr-r 
pendicular  to  2)  Fy  to  cut  i//  in  B ;  then  ^5  mca- 
fured  by  Prob.  16,  is  33*"  31^ 

2.  Logarithmically. 

As  Radius  :  S-  Side  C,^  28*  00^  ::  Tan.  -cC  C54*' 
4o^•Tan.Side^^33^3l^ 

CASE    VIIL 

Given  the  Side  C  A  =  28®  00^,  and  the  adjacent  Angle. 
C  =  54**  40^ ;  tQJind  the  opptfite  Angle  B.   (Fig.  39.) 

I.  By  ftercographic  Prqjcftion. 

ProjcQ  the  Triangle  ABC  by  the  laft  Cafe;  then  i$ 
the  Angle  B  meafured  by  Prob.  19,  =  43°  55^ 

2.  Logarithmically. 

As  Radius  :  S.  adjacent  Angle  C  54°  40'  :;  Cof.  SidQ 
C^2S° :  Cof.  opp.  Angle  B  43"  5s'. 

CASE    IX. 

Given  the  Side  C  A.  =  28"*  00^,  and  the  adjacent  Angl^ 
C  =  54*^  40^ ;  tofnd  the  Hypotbenufe  CB.    (Fig.  39.) 

I.  By  ftercographic  Projeftion. 

Projeft  the  Triangle  ABC  by  Cafe  7 ;  then  the  Hy- 
potbenufe CB  meafured  by  Prob.  17,  is  42*"  36^ 

2.  Lo- 
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2.  Logarithmically. 

As  Radius  :  Cof.  --^  C54**  40'  ::  Cotan.  Side  CA 
28^  00^  :  Cotan.  Hyp.  CB  42^  36^ 

C  A  S  E    X. 

Given  the  Side  AB  =  3  3**  31^,  and  the  oppofite  Angle 
C  =  54**  40^ ;  to  find  the  adjacent  Side  C  A.    (^Fig.  39.) 

I.  By  ftereographic  Projcftion. 

Projcft  the  -^  C=  54''  4o^  by  Prob.  10,  draw  LM 
parallel  toDF,  at  33**  31''  Diftance  from  it,  to  cut  HI 
10  B;  through  B  draw  EBG  perpendicular  to  2>jF, 
and  the  Triangle  h  coiiftrtiScd.  Then  C^meafured, 
is  iZ""  qq\ 

2.  Logarithmically. 

As  Radius  t  Cotan.  opp.  --^  C  54*"  40'  ::  Tan.  Side 
AB  33^  31/  :  S.  Side  CA  28°  oo^ 

CASE    XL 

Given  the  Side  A  B  =  3  3**  31',  and  the  oppofite  Angle 
C=:  54^  40' ;  to  find  the  adjacent  Angle  B.     (Fig.  39.) 

I.  By  ftereographic  Projcdion. 

Projea  the  Triangle  ABC  by  the  laft  Cafe.  Then 
the  Angle  B  meafured,  is  43°  55'. 

2.  Logarithmically. 

As  Cof.  ^^  33^  3 1' :  Radius  :;  Cof-  -c  C  54"  40' : 
5- adjacent  -^  £  43°  55/.  CASE 
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C  A  S  E    XIL 

*  Given  the  Side  AB  =  33**  3l^  and  the  (^fffttt  Angle 
C  =  54*"  40' ;  to  find  the  Hypothenufe  CB.   (Fig.  39.) 

I.  By  ftcreographic  Projcftion. 

The  Triangle  being  projefted  by  Cafe  loy  QB  mca- 
fured  is  42''  36^ 

2.  Logarithmically. 

As  S.  opp.  -<^  C  54**  40^  :  Radius  : :  5.  Side  AB 
33<'3i/:S.Hyp.C^42**36^ 

CASE    XIIL 

Given  the  Side  CA  =  28*^  oo^  and  the  Side  AB  =3 
33**  31/ ;  to  find  the  Angle  C.    (Fig.  39.) 

I.  By  ftcreographic  Projeflion. 

Make  CA=  28°  oo^  and  through  A  draw  EAG 
perpendicular  toDF;  alfo  make  •^^.ff  =  33°  3l^  and 
draw  the  right  Circle  HI  through  the  Point  £.  Then 
the  -cH  C  meafured  by  Prob.  19,  is  54°  40^ 

2.  Logarithmically. 

As  Radius  :  Cotan.  Side  AB  33^  31^  ::  S.  Side  CA 
a8**  00^  ;  Cotan,  ^^C  s^"^  40^ 


C  A  S  E    XIV. 

Given  the  Side  CA  =  28*  oo^  and  the  Side  AB  = 
33**  31^  to  find  the  Jijfpothenuje  CB,  (Fig.  39.) 

I*  By 


^ 
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I;  By  ftereographic  Prpjeftion. 

Projeft  the  Triangle  ^BC,  by  the  laft  Gafez  Thexi 
CB  meafured,  is  i]  2  *  3  6^ 

2t  LogarlthnuGallj. 

As  Radius  :  Cof.  Side  C^  28'  oo' ::  Cof.  Side  ^^ 
13*  3 1^  :  Cof.  Hypothenufe  CB  4a'  36^ 

» 

C  A  S  E    XV. 

diven  the  ^ngle  C  =  54*  40^,  and  the  ^ngU  B  =j 
43*  55^;  to  find  the  Side  KK   (Fig.  39.) 

1.  Sy  ftereographic  Proje^Iod. 

Make  the  Angle  C  =  54*  40^,  alfo  thjrough  the 
Poles  Ef  G  of  the  right  Circle  7)F,  draw  the  grekt 
oblique  Circle  E^G,  by  PVob.  14,  to  cut  the  right 
.Circle  H/,  and  make  therewith  an  Angle  of  43*  s^\ 
which  will  projeft  the  Triangle  ^BC.  Then  ^£ 
hicafured,  >s  33*  31^ 

2.  Logarithmically. 

As  S.  Angle.  5  43*  55^  -Radius  ::  CoC  Angle  C 
54*  40^  :  Cof.  Side  \^B  33*  31^ 

CASE    XVI. 

Given  the  ^ngUs  B  and  C  jj  i^^rr  ;  tbfind  the  tfyf- 

CB.    (Fig.  39.) 

Hh  .t.By 
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i.  By  ftcreographic  Prbjeftioh. 

Conftruft  the  Triangle  ^BC  by  the  laft  Gtfe ;  then 
the  Hypothcnufc  CB  meafured,  is  =i  42*  36^ 

2.  Logarithmically. 

As  Radius  :  Cotm.  Angle  ^54*  40'  ::  Cotan.  Angle 
^  43 '  55'  •  Cof.  Hyp.  C^  42  •  36'. 


«ta 
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S  E  C  T,    n. 

« 

The  SaLUTiON  tf  the  feveral  Cafes  ef  OBLiQ.ur 
ANGLED  Spherical  TjLiANGir^^* 


•  * 

THERE  are  feveral  Ways  of  folving  oblique  fphe* 
rical  Triangles,  ckher  by  letting  fall  ^  Perpen- 
dicular, or  without  it.  The  Method  gif  en  in  the  lafl 
Seftion  for  refolving  tfie  Cafes  of  r'ght-angled  Tri- 
angles, will  equally  ferve  for  oblique ;  letting  fall  a  Per^ 
pendicular  from  one  of  the  Angles,  which  will  either 
divide  the  given  oblique  Triangle  into  twa  right-angled 
ones,  or  otherwifc  will  make  two  right-wigled  Tri- 
angles^  by  adding  a  right-angled  Triangle  to-  it ;  and 
this  will  do  in  every. Cafe,  except  the  ift,  4th,  amd  twor 
Jail.  In  the  firft  Triangle,  th'cre  are  tWo  Things  given 
to  find  a  third,  which  mud  be  either  a  vertical  Angle 
or  Bafe.  In  the  fecond  Triangle  there  is  one  Thing 
given,  or  at  leaft  may  be  eafily  known,  by  Means  of 
the  firft  Operation  in  the  firft  Triangle,  afrd  in  the  fe- 
cond 
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cond  Triangle  is  always  the  Anfwcr  to  the  Queflio.n. 
In  thjcfe  two  Triangles  you  have  cither  borh  the  Bafes^ 
or  both  the  vertical  Angles,  and  by  Help  of  thefe  to 
find  the  Anfwer  or  Thing  fought,  compare  thefe  three 
Things  in  the  fecond  TnUngle  cogether,  viz.  the  Per- 
pendicular, the  Thing  known,  and  the  Thing  required, 
and  fee  which  of  the  three  is  the  middJe  fart,  and 
which  are  the  Extr^ams  cither  conjuiift  or  disjunft. 
Proceed  thus  with  the  firft  Triangle^  (o  will  the  middle 
Part  and  Extreams  in  one  Triangle,  be  proportional  to 
the  middle  Part  and  Extreains  in  the  other  Triangle 
(fctting  afide  the  Perpendicular  in  both  Triangles.) 

As  for  Example.  In  the  Triangle  ^BC,  given  the 
Side  BC,  and  the.  Angles  B  and  C,  to  find  the  Side 
^C  The  i?erpendicular  C72)  benig  let  fall,  divides 
the  oblique  Triangle  ^BC  into  two  right-angled  Tri- 
angles "DBC,  2)^C;  then  iq  the  Triangle  "DBC,  as 
Radius:  Cof.  BC ::  Tan.  7)BC:  Cotan.  "DCB.  Then 
the  -<.  C  being  given,  from  thence  the  .^*DCA  be- 
comes  known ;  fo  in  the  Triangle  7)i4€,  liie  ,<.  2>C»^* 
is  the  middle  Part,  and  C2>  and  CA  arc  Extreams  con^ 
junft ;  alfo  in  the  Triatiglc  2)  B€,  Ac  ^  "DCB  is  rlie 

middle  Part,  and  C2?  and  C5.  are.c0n]anft  Eatreams; 
then  rejefting  the  Perpendicular  C!D,  it  will  be,  as 

Cof.  ^  T>CB  :  Cof.  ^  TyCA  r.  Cotan.  BC :  Cotan. 

jiC. ^Note,  la  lectkqg  hAl  a  Fcipendkular,  always 

obfcrve  to  let  it  fall  from  the  End^of  a  given  Side,  and 

oppofite  to  a  given  or  known  Angle;  and  if  the  three 

Things  given  ftand  together,  :kst  k  faj!  from  the  End 

of  a  required  Side,   or  oppofite  to  a  requirecj  Aqgile.. 

{f\rs.^Q]^i\)  Hh?  There 
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There  are  four  Axioms,  by  which  the  twelve  Cafesj 
pf  oblique  fpherical  Triangles  may  be  refolycd  wijhQVit 
jL  ^erpendiqilan 

A  X  I  O  M    I. 

^s  the  Sine  of  a  Side  ^B  : 
The  Sine  of  its  oppofir^  Angle  C : ; 
The  Sine  of  apy  other  Side  ^C : 
The  Sine  of  its  oppditc  Angle  B. 

Alfo; 

As  the  Sine  of  ^  Angle  C: 
The  Sine  of  its  opppfite  Side  iAB  :i 
The  Sine  of  any  other  Angle  B  : 
The  Sine  of  its  opppfite  Side  ^C. 

Axiom  II. 

« 

As  the  Sineof  J  Sum  2  Sides  pontainingan  Angle,  — : 

The  Sine  of  Half  their  Piffcrence  ^^~^^ : : 

The  Cptan.  Half  thp  incli^ded  Angle,  ^  «^ ; 

The  Taogent  Half  Diflkr.  2  unknown  Angles, • 

Alfoj 
As  Cof.  i  Sum  2  Sides  including  an  Angle,  — ~ —  : 

The  Cof.  Half  their  Difference '^^~—:: 
The  Cotan.  Half  the  included  Angle,  \Ai 
Th?  T^n,  J  Sum  of  the  other  two  Angles,  ""T"^* 

Thca 
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Then  ^±^  +  ^^  =  greater  Angle  C,  and  ^ 

2  2  2 

_  £^  =  leffcr  Angle  B. 

As  Sine  ^^um  2  Angles,  — ^ : 

The  Smc  i  their  Diflfer.  -^^  :: 

The  Tan.  i  contained  Side*  • — : 
*  '2 

The  Tan.  i  Difier.  other  2  Sid«i,  dl^l^, 

Alfoj 
As  Q)f.  i  Sum  of  2  Angles,  — ^  : 


The  Cof.  i  their  Difference 

*  .  2 

The  Tan.  \  conuined  Side,  — - : 
*  2 

The  Tan.  i  Sum  of  the  other  2  Sides,  — ^^ — . 
Then  ■■    ^ —  + ^  =  greater  Side  •/^j5, 

2  % 

Axiom   IV. 

(i%  Re&ngle  Sines  of  the  2  containing  Sides ; 

7be  Square  of  Radius  : : 

The  Red9ngle  iSines  of  7  Sum  3  Sides,  and  of  Differ, 

Side  oppofite  thereto : 
tJThe  ^uare  of  the  Coline  of  \  contained  Angle. 

But 
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But  if  a  Perpendicular  Cl^  be  let  fall  from  the  obr 
tufe  Angle  C,  upon  the  longed  Side  or  Bafc  ^B-^  then 
jthe  Solution  may  be  obtained  thus :  As  Tan,  Half  the 
Bafe  or  longeft  Side  ^B  :  Tan.  \  Sum  of  the  other 

o  Sides,  d£±I£ ::  Tan.  f  Differ,  pf  thefe  2  Sides, 
^^-^^ .  Tan.  i  Differ.  Scgmepts  of  tbe Bafe.  Then 

2 

the  Half  Difference  added  to  the  Half  Bafe,  gives  the 
greater  Segment  ^2),  but  fubtraded  from  the  Half 
]Bafe,  gives  the  leffer  Segment  52).  .      ' 

Or,  in  Cafe  a  Perpendicular  is  not  let  %U,  you  may 
£nd  an  Angle  thus. 

Take  Half  the  Difference  of  the  two  Sides  contain- 
ing  the  required  Angle,  whidx  add  to  and  fnbtraA  fronj 
Half  the  Sldeppppfite  thereto;  this  Sum  ^nd  Difference 
keep :  Theq  ,to  tjbe  Complement  arithmetical  c^  the 
logarithmic  Sines  of  the  nyo  containing  Sides,  add  the 
logarithmic  Sines  of  the  Half  Sum  and  Difference; 
Half  the  Sum  of  cbefe  four  Logarithms,  is  the  logar- 
ithmic Sine  of  Half  the  required  Angle. 

Or  tbe  firft  Part  of  the  Woric,  viz.  the  finding  the 
Sum  and  Difference,  may  be  performed  more  eadly 
thus ;  from  the  Half  Sum  of  the  three  Sides  fubtra^b 
the  two  Sides  (feparately)  containing  the  required  An- 
gle, thefe  Differences  will  be  the  fame  with  the  Sum 
and  Difference  found  by  the  former  Part  of  the  Rule  • 
with  which  work  as  before  direfted,  and  you  will  have 
iheAnfWer. 

Oblique 
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Oblique  fpherical  Triangles. 

CASE    I.  / 

Given  the  Side  AC  =  41'  00/,  the  Side  BC  =s 
39  •  30',  and  an  oppofile  ^ngle  A  =  29  *  31;  to  find  the 
it  her  oppij^i  ^ngle  fi. .  (Fio.  40, 41.) 

I 

t4  By  ftereographio  Froje£^ioo. 

Mate  •^6^=541*,  draw  ^B.H  (hy  Prop,  n)  to 
<nake  an  Arigle  aft  ./^=  29*  31^  alfo  alxmt  C,  as  a 
Pole,  draw  the  paralfel  Circle  KBL^  at  the  Diffancc 
of  39*  30'  fromir,  which  will  cut  ABJIm  B\  through 
the  Points  C,  B  draw  Q>y  Prop.  7)  the  great  Cirple 
CBL  Thea  the  Angle  jB  meafutcd  (by  Prop..  19) 
1330-33^     \ 

2.  Logarithmijtralljf 

As  S.  Side  BC  39'  30'':  S.  its  opp.  -ki  jii^*  31^  •: 
S.  Side  */^C  41**  00^  :  S.  its  opp.'  -<i  -B  30^  33'. 

Now  — ^-^ —  is  of  the  fame  Affcflion  as  -^ —  ;  and 

if  be  of  the  fame  Affefiion  with     "^  "P'    ;'  then 

2  2 

the  .gC.£\%  ambiguous.   ' 

C  A  SE    IL 

Given  the  Sides  AC  andBC^  and  the  ^jgle  A  /^ 

fame  as  before  ;  to  find  the  included  Angle  C.    (Fig. 

40,  41.) 

I.  By 


T.  By  ftere6graphic  Froje&ion. 

Projca  the  Triangle  ^BC,  as  in  the  laft  Cafcf 
then  the  ^^di  Cmeafured,  is  132*  22^ 

2.  Logarithmically. 

By  Cafe  g  of  right*angled  Triangles,  Radius  :  Cof. 
•//C41'  ::Tan.  ^29*  31^  :  Cotan.  DC^/f  66*  5 1^ 

Then  Cotam  ^C 41' 00'  :  Cof.  7>C^  66*  51'  :- 
Cotan,  BC  39*  30^  :  Cof.  T>CB  65*  31 ;  then  2>C^ 
+  DCB=  66*  51' +  65*  31'  =  132*  22'  rr^C. 

Then,  becaufc  BC  and  the  -id  .^/^  are  of  the  fame 
Affedion,  1DCB  is  aeute,  otherwife  obtufe. 

Then  bccaufe  in  the  prcfent  Cafe,  the  Sides  ^€, 
BC  are  of  the  fame  Affeftion,  the  Perpendicular  falb 
%ithhi  the  Triangle,  and  the  Angles  ^  and  B  are  of 
the  fame  AficAion. 

Therefore  to  the  leiTcr  Arch  of  !DC-B  =  65-  31^ 
add2?C^=  66*  51,  and -the  Sum  is  132*  22^;  alfo 
to  the  greater  Arch  of  "DCS  =  1 14*  29^,  add  7^0^ 
=  66*  51%  the  Sum  is  iSi*  20'.  Then  becaiife  t&c 
greater  Arch  of  2)^5,  with  ^CA  added  to  it,  ex- 
ceeds i8o* ;  the  lefTer  Arch  of  2>C5.can  only  be  ad-  - 
mitted.  But  had  both  thefe  Sums  been  lefs  than  180% 
then  either  the  greater  or  lefs  Arch  of  2)  C^  might 
have  been  added  to  2X7.^,  for  the  Angle  C,  which 
would  have  been  ambiguous^ 

But  when  the  Angles  ^  and  B  at  the  Bafe,  are  .of  a 
difierent  AfFeftion,  the  Perpendicular  will  then  fall  out 
of  the  Triangle.    And  if  the  greater  Arch  2>C5  is 

Icfs 


Se^II.  SpHEKIGAL  TuiAKQtES.  239 

Ids  than  the  Angle  D  Cji,  the  Angle  C  will  be  had  by 

fubirafting  cither  Ar<h  oi  "DCB  from  10CA\  and 

the  Angle  C  will  be  ambiguous^  but  wjhen  the  greater 

Arch  of  1>CB  is  greater  than  the  Angle  %>CZi^  the 

Icffer  Arch  of  "DCB  fubtracted  from  T>C^,  will  only 

give  the  Quantity  of  the  Angle  C>  which  then  is  not? 

ambiguous. 

CASE    III. 

Given  the  Sides  AC  and  BC,  and  the  Angle  A  the 
fame  as  before  j  to  find  the  third  Side  A  B.  (Fi^ .  40, 4 1 .) 

1.  By  ftereographic  Projeftion, 

Projeft  the  Triangle  ABCy  by  Cafe  i ;  then  ^B 
meaTured,  is  72*  z&i 

2.  Logarithmically. 

By  Cafe  r  of  r/ght-angled  Trianglies,  Had. :  Cof.  ^ 
29*  31/  ::  Tan/^C 41  *  oo'  :  Tan.  ^2)  37*  6'. 

Thea  Cof.  ^C-/^\'  00^ :  Cof.  ^2>  37*  6'  ::  Cof. 
BC  39*  30'  :  Cof.  BD.-^s*  22'. 

Then  AT^  +  BT>  =  37*  6'  +  35*  22'  =  72*  28^ 

If  udTJ  be  greater  than  J?D,  then  A'D  —  BTD  = 
^5 ;  alfo  if  ..^!D  +  i?7J  be  lefs  than  1 80  %  .^2) + -fftZ) 
=  AB\  if  both  be  lefs  than  180%  A3»  ambiguous. 

C  A  S  E    IV. 

Given  the  Angle  h.^  29*  31',  the  An^le^  =  30*  33^, 
and  an  oppoftte  Side  A  C  =  4 1  * ;  to  find  the  ether  afp. 
Side  BC.    (Fig.  40,  41.) 

I  i  I.  By 


0 
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«  I.  By  ftcreographic  Prcyedion. 

Draw  jiBH  to  make  an  Angle  with  the  Primitive 
at  ^=  29*  ii\  alfo  make  jiC  —  41*;  Sy  Prop.  14, 
draw  a  great  Circle  CBI  to  cut  ^BH  in  an  Angle  of 
30*  33^,  as  in  B.    Then  j?C  meafured,  is  j9*  30^ 

2.  Logarithmically. 

As  S.  -^  -ff  30*  33^ :  S.  opp.  Side  ^C 4 1 • ;;  S* ^^  v^ 
29*  31'  :  S.  its  opp.  Side  5C  29*  30. 

— "^ —  is  of  the  fame  AflFeftion  as . 

lfi±i£bcoftheiamcAffcaion«^^i^?5i^- 

2  i 

then  £  C  is  ambiguous. 

That  Is  '9-3<>'+4i->oc/  ^  700^3^  ^  ^- .  j^,^    ' 

Alfo  4i°°'+^Tyo°3o'  ^  '91°  3°' ^^^.^y.  by^hich 
the  required  Side  ^  C  is  proved  to  be  not  ambiguous. 

CASE    V. 

Giv^n  the  Ari^s  A  and  B,  with  the  oppoftte  Side 
AC  the  fame  as  before  in  the  laft  Cafe\  to  find  the  iV 
iluded  Side  AB.    (Fig.  40,41.) 

I.  By  ftercfographic  Projeftion. 

Projeft  the  Triangle  by  Cafe  4;  fo  will  AB  mea- 
fured,  =72*28^ 

2.  Lo' 
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2.  Logarii;bmicaIl7. 

By  Cafe  i  -of  right-angled  Triangles, 
Radius  :  Cof.  -2:1  ^  29*  31^  ::  Tah.  •//C4I*  :  Tan; 

Then  Cocafi. -^  -^  29 •  31^ :  S.  ^Z)  37^*  6^ :;  Cotan. 
^^30*  33':S.  52)  35^  22^ 

As  the  -sn  s  ^,  -ff  are  of  the  fame  Affeftion,  ^7>  +^ 
BT>z=lAB:  If  52)  +  ^2),  and  52>+  Supp.  ^2), 
be  each  lef$  than  180'',  jiT>  (and  confequehtly  AB) 
H  ambiguous.  '  •      ^ 

.  If  the  Angles  A,  B  are  of  idiffercnt  Affeftiony  ^©  ~ 
52)  =  .^5.  Alfo  if  AT)  and  Supp.  vdf2)  be  greater 
than  52),  then  AT)  and  «^5  are  ambiguous. 


CASE    VI. 


.  1  ' « 


*   Gvoentb^  Angles  and  Side  as  ak^^i  t^  find  fit 
Angle  C.   (Fig.  40,  41.) 

I.  By  ft^rcographic  Frojedioa. 

Projcfl^the  Triangle  ABC  by  Cafe  .4;  thea  the 
<.  C  meafured,  is  132^  22^ 

2.  Logarithmically. 

By  Cafe  3,  right-anjgled  Triangles,  Radius :  Cot  AQ 
^i^  ::  Tan.  ^  A  29°  31^ :  Cotan.  ^  T>CA  66""  51^ 

Then  Cpf.  ^  A  29^  31^  :  Cof.  -^  5  30**  33^  :: 
S.  ^  2)C^  66^5 1  :  S.  ^  VCB  65^  3 1^. 
'   Then  7>CA  +  VCBl  =  66^  51'  +  ^5'  3^'  f?  ' 

I32'*22^=.^C. 


9^2  OBLIQ.UE-ANGLED  Book  V^ 


When  the  -sis  •/df  and  JB  are  of  the  fame  Affcftion, 
^C^  +  DCB  arc  =  -^  C.  If  DCB  +  DC  J,  and 
rDCB.+  Sup.  ©Cw^  be  Icfs  than  180%  then  2>C^ 
and  C  are  ambiguous. 

If  ^  and  B  are  of  different  Affcaion,  then  "DCA-- 
^CB  =  -^C;  but  if  both  "DCu^  and  its  Sup.  be 
greater  than  the  .^  7)CB,  then  the  ^^c^DC^,  and 
C  are  ambiguous. 

Note,  Thofe  who  deikc  to  fee  more  into  the  Na- 
ture of  Ambiguities,  may  confult  Mr  Emerfoif^  Trigo- 
pometry,  which  I  haye  dofely  kispt  to,  in  compilmg 
ihis  Compendium, 

c  A  s  E  vn. 

Givm  the  Side  AC  =  41%  the  Side  AB  =  72°  a8% 
tnd  the  iAcludid  Angle  A  £=  29^  3 1'' ;  tofittd  an  offijite 
Angle  B.    (Fig.  40,  41.) 

1.  By  ftereographic  Projeflion.* 

^ke  AC^  the  Chord  of  41^,  draw  jiBHio  makp 
9n  Angle  at  A  of  29**  3 1^,  and  make  •/^^  =  72°  28^} 
through  C,  B  draw  the  great  oblique  Circle  CBI^  fo 
is  ABC  the  Triangle/ in  which  the  -^  ^  meafured, 
1330*^33^ 

j2.  Logarithmically. 

(By  Cafe  I,  right  -«cls)  Radifis :  Cdf.  -<i  ^  29*  3 1'  :: 
Tan.  ^C  41*  :  Tan.  Al>  3  7*  fi/.  I1icn  AB  -  ^2) 
=  7?»  28/ -  37*  <J' =  35"  32' ;r  .52). 

Tben 
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ThCT  S.  A^  37*  ^  •  Cocm,  ^  4  29^  31^ ;?  S, 
B'D  35^  22^  :  Q>tan.  -^  -ff  30.^  33^ 

Now  accord^g  as  ^2>  is  IciTer  or  greater  than  4Jif 
the  Angles  4  ^d  JB  vt  of  the  iamjs  or  different  A& 
fe&ion* 

CASE  vin. 

Givtn  the  Stdis  and  4ngle  the  fame  ^s  hfor^i  to  find 
the  third  Side  BC.    (Fig.  40,  4  u) 

}f  B7  ftereographic  Proje&oo. 

Prcjcft  the  Triangle  by  the  laft  Cafe ;  then  BC 
iQ^cafoTed,  is  =  39**  30^. 

2.  Logarithmically. 


'  (By  Cafe  i,  right  -^s)  Radius  iCo(..^4  29*  3 1^; 
Tan,  AC^i"" :  Tan.  -^2>  37"*  ^^  from  whence  ^wd 
is  found  =  35®<  22^ 

ThenCof.  ^D  37^  6^  :Cof.^C4i**  00::  Cof.^Z) 
J5°  22^  :  Cof.  i?C  39"*  30^ 

Then  bsjBD  and  ^^  ^  are  of  the  fame  or  idiffercnt 
Affedion,  £C  is  accordingly  lefs  or  greater  than  a 
Quadrant. 

CASE    IX 

Given  the  Angle  A  =  s  9"  3 1 ',  /i*  JngU  C  ±r  1 3  a'  «  2', 

B.C.    (F>G.  40^^-^ 

I.  By 
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I.  By  ftcrcQgraphic  ProjcAiop. 

Make  AC  =  41'';  draw  J BH to  make  an  Angle  at 
A  of  29**  31',  and  CBI  to  make  an  Angle  at  C  of 
I32''  22^,  then  the  Side  ^Cmeafurcd,  =  39*"  30^ 

2.  Logarithmicallj. 

By  Cafe  3,  right  ^s,  Radius  :  Cof.  ^C  ^i  ::  Tan* 
'.^  A  29*  31^  :  Cotan.  -s-i  liCA  66*  51^;  and  hence 
thc^2)CJ5  =  65*31^      • 

ThenCof.^2)C,/^66''5i^:Cptan.^C4i*oo^:: 
Co{.  ^T>CB  65*  31^  :  Cotan.  BC  39*  30^ 

According  ^s  T)CB  and  .^rf  are  of  the  fame  or  dif- 
ferent Affeftion,  the  Side  BC  h  lefs  or  greater  than  a 
Quadrant. 

G  A  5  E    X. 

Given  th  Angles  and  ^Ide  the  fame  as  bffore\  to  find 
fbe  third  Angle  B.    (Fig.  40,  41.) 

I.  By  ftereographic  Projcftioiu 

« 

Projeft  the  Triangle  ABC,  as  before  in.  tbc  I?ft 
Cafe;  then  the  -si  B  meafared,  =  30*  33^ 

2.  Logarithmically. 

By  Cafe  3,  right  ^  s,  Raidips  ;  Cof.  AC  41  •  00^ :: 
Tan.  •/^  29*  31^ :  Cotan.  IDC  A  66*  5 1^  j  from  whence 
5DCJS  13  found  =  6s*  31^ 

Then  S,  2)C^  66'  51'  :  §•  VCB  63'  31^  ::  Cof. 
^  29*  31^  :  Cof.  5  30*"  33^ 

•  Then 
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Then  as  the  Angle  2>C^  is  Icfs  or  greater  than 
the  Angle  ACB^  the  .^e^s  j4  and  B  are  of  the  fame 
or  diiSerent  Afibflion. 

« 

C  A  S  E    XI. 

Given  all  the  tbfee  Sides  AC  =  4 1 ",  BC  =  39°  30/, 
and  AB  72*  28'' }  to  find  an  >Sigle  A.    (Fic.  40^  41.) 

i.  By  ftefeographic  Projection. 

Make  ^C  =  41  • ;  about  the  Point  A  draw  the  Pa- 
rallel MNf  at  72*  28^  Diftance  from  it;  alfo  round 
Cdraw  aiiother  Parallel  KL^  zl  theDiftance  of  3.9 "^  30^, 
to  cut  the  former  in  ^;  through  their  Point  of  Incer-i 
fcftion  By  from  C  draw  the  great  Circle  C5/,  and 
6ompleat  the  Triangle  ABC.  Then  the  ^c.  A  mea- 
fured^  is  =3  29®  3 1^ 

2.  LogarichniicaHy. 

As  Tan.  ^AB^i^  14' :  Tan.  ^^^^  40^  15^ 

-,  Tan.  ^:^=o°45'VTan.Arch  =  o*'s2^  Then 

as  \  AB  =  36"*  14^,  is  greater  than  the  Arch  o^  52', 
the  Perp.  falls  within  the  Triangle,  otherwife  not. 

Then  i  AB  +  Arch,  =  36°  14^^  +  o^  52^  =  greater 
Segment  A^D  =  37^  6^  and  -;  AB  en  Arch,  =  36^  14^ 
CO  o""  52^"  =  leffer  Segment  -B2)  =  35"*  22^ 

Then  by  Cafe  4,  right  -s:is,  Radius  :  Cotan,  AC 
41^  ::Tan.  ,i2)  37^6'  :  Cof. -c^^29*' 31^ 

CASE 
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€  A  s  E  xn. 

Given  all  the  3  Angles,  viz.  A  =  29^  31',  B  =  Jd^^'g^''^ 
owrf  C=  132®  22^;  to  find  a  Side  hC   (Fig.  40, 41.) 

t.  By  ftcreographic  Proje&ion. 

The  Angles  being  converted  into  Sides,  projcfl  the 
Triangle,  as  by  the  taft  Cafe  j  fo  will  AC  meafured^* 
ghre  41  % 

2.  Logarithmically. 

As  A,  B  are  of  the  fiune  Affedion,  the  Bsrp.  faH& 
within  the  Triangle;  otherwife  without. 

As  Cotan/^=  3^'2^Tan.  ^  =  o^  31''  :: 

Tan.  I  C  =  ^Jd**  1 1'  :  Tan.  Arch  =2  o*  40'. 

Then  i  C  +  Arch  =  66"  1 1  +  o"  40'  =  gfreater 
-si.  2)C-^  66°  51^  at  the  V-crtei.  And  \Cvx  Arch 
ss  66"  1 1'  «o .  0°  40'  =  Icffcr  -si.  2>C5  65"  3 1',  at  the 

Vertex. 

Then  bj  Cafe  1 6,  right.  ..eH.  s,  Radius  :  Cotan.  jd 

29"  31'  :  Cotan.  ^CA  66^  $1'  '•■  Cof.  JtC  41"  00'.    • 
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B  or  O  K    Vh 

A  S  T  R  O  N  O  ^% 


Scrontimy  hath  its  Derivation  frpm  the  two  Greek 
Words  After/  a*  Star,  arid  Nortids,  a  L*i*^  for 
^r  it  we  are  tia^  the  M0tiairi:oT  the  Sub>  Modn) 
md  Sbics,  and  whoteifer  m  any  wsfepercrhsto  tItitnL. 

2.  Before  v^&prddeed  to  perferm  Coimhi£oii9  iff ,  A(I^ 
trODOiBiy^  k  is  reqnifite  td  knohkr:  the^Sttfi*^  PkcdM  tiki 
Eclipdc,  the  Latitude  of  thid  'efe<t^i:abd  ttir  iifutt^i^ 
greaceft  Dedmatito,  that' 76^'  theiAilgte  th^  tht'  Siin^ 
Orbit  (the  Ecliptic)  m^c^  witH  tfatr  Scffe^oASab     '   •' 

3.  The  Son's  Phicem  the  EdipHirisfd  te  o6latei^ 
from  aftrdttomical  T^bles,^  w!hkh  i  baVi^  4ierd  idftf^ted ; 
wbo^e:  Ufes  are'  evident  it<mi\it^m^i^^  in  PrbB.  i. 

4j  THef  fteader  Aitjft  &M?  ^x{«ft^it*i^''this  fliall  Bfei  a 
fMl  a0(t  compkni  Coi^rfd  of  Mi^iWM)^-  buf  ohlf  ^ 
Cdle^otl  of  the  M^ft  '  tfTefufT' ^rdnOmltal  tvohXit^'^ 
n«ccflary  to  be  kno^w  by  cverff^  Ffef^,'  ^(^^♦ttek 
defervedly  acquire  tl^  l<}atee  and- Chera6fer  of  aft*  able' 
fftrrcyor. 


•  f        1^' 


A       '—*-«-»«''*-  .  .1 


I  .      .  .  •     I  » 


• .  I 
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I 

S  E  C  T.    I, 

...  .  •  , 

A9TJiO»OHiCAh  Paoblbms^  rejujfiie  t$  b^  known  in 

f^e  PraHicc^  of  SinivxTlNOr    . 

F  b:  o  B.    I. 

Yo  calculate  tie  Sun^s  true  Place  in  ibe  Edifti. . 

TAKE  out  of  the  Tables  of  ilie  San's  mean  Mo«^ 
QOD,  dre  Lcmgttude  and  fiMfiAAf  a&fwcring  ta 
the  given  Year,  Month,  Day,  Hour,  Minute,  Second, 
Sec.  which  beiBg  fcferally  added  together,  will  ^gire  the 
Stm'9  inesm  Motigii^  for  ehie  propofird  Time ;  obfervmg 
id.  Leap  Year,  to  find  the  Daj  of  the  Month  in  the 
Columd  on  1^  right  Hand  Side  of  the  monthly  Pages 
after  Febroaij,  xmtdi  on  the  Top  urith  Biflcx*  . 

Enter  the  TaUe  of  the  Sun's  EiiQ)tic  :£quation^  with 
the  .mean  Anotnalj  thus  coHefied ;  >Brfaieh  find  on  the 
Top  of  the  Table,  if  the  AuOTialy  be  lefe  than  6  Signs, 
but  oa  the  fipttom  if  more ;  that  r$,  if  the  mean  Ano^ 
maly  is  lefs  than  6  Signs,  look  out  the  $ign  on  the 
Head  of  the  Table,  md  the  Degrees  in  the  left  Hand 
Column  defcending;  but  if  the  Anomaly  exceeds  <S  S^s^ 
look  out  the  Sign  in  the  Bottom  of  the  Table,  and  th^ 
Degrees  in  the  right  Hand  Column  afcending ;  and  in 
the  Angle,  or  Place  of  meeting  is  the  Sun's  Elliptic 
Equation ;  which  added  to,  or  fubtraded  from  (accord- 
ing to  the  Title  in  the  Table)  the  Snn's  mean  Longi- 
tude before  found,  win  giye  his  true  Ecliptic  PJace. 

But 
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•'  Bat  as  the  Table  of  Equation  iS  onlf  eafctilatecl  to 
even  iDegrees ;  whea  th«  Anomaly  confifts  of  Signs^ 
Degrees,  Minutes^  and  Seconds,  find  the  proportioi^al 
Part  for  the  Minutes  and  Seconds,  by  the  ^^nle  of 
Three;  which  added  to,  or  fabtra£led  from  the  De- 
grees, &c.  which  we«e  fieft-taken  out  of  the  Table,  che 
Sum  or  Difieronce  will  bp  jhc  meafx  Anomaly  truly 
found 

£  X  A  M  P  L' JE     L 

Let  the  §un's  true  Place  he  found  for  June- 14, 1 7^,. 
4tNoc«.        . 

Ophrat.iok* 


Long.  0 
So''' 


The  Radix  1761 
Current  Years  8 


M.llf^t.fori^do 
'  June  the  i^th 

Mean  Motion 
Equation  add 

« 

Sun's  Place 


9 
Q 

8 
0 

4» 
3 

20 

37 

9 
5 

8, 

44  57 
36  II 

0 

21 
19 

8 

21 

Anom.  0 
S.  <»    '  ." 

6    0  33  50 
II  39  J5  13 

6    0  29    3 
5  »4  3y43 

II  IS.  446 

As  60'  o 
To  I  55 
So  446 
To  Q    9 


.  o 

^14956 
'09^9 


%  23  50  29 

£  X  A  M  P  L  £ 


»595S 
Tiispropor.Part 
fubt,  from  o®  29'  30" 
(Equa.  ofiis.  150) 
Remaind.  o^  29*  2 1*' 
is  the  true  Equate 


n. 


Let  the  Sun's  Place  be  fought  for  June  2  8,  at  4^  Min. 
paft  16  o'clock  in  the  Forenoon,  1769. 

*  Note,  Aftronomfcal  Time  begins  and  ends  at  Noon; 
and  each  Day  begins  at  its  oMn  Noon,  and  ends  at  the 
JJoon  pf  the  next  fucceeding  Day.     Therefore,  the 

^   '  K  k  2  aboYCr 


«j:« 


Bofik 


will  be  ^7  ^9,  Jijne  ?  7  4,  aa  hi*  43  nyn,  Alfo  the  ^ 
lowii^  folar  T«blc$  ftrf;  ac^tMnmo^^ted  to  the  jyterJdU^Q 
pf  Ixw4on  (t^  Mj^TOpolijj  of  Ei^gjbqdX 
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•  o-  ••6  i^f 
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To   I  59  14808 
So  51  16      683 
To   I  4^  15491 

Thcno0  7'5'7»- 
y' 42"  =00  6' 15* 
sEllip.Equat. 


-Sun's  Haoe'J J     5  13  5 

But  if  you  haw  the  Sutt'$  Place  to' calculate  uncjer 
any  other  Meridiav£alLx>r  l^dt  o£-thc  Meridian  ojf 
tbndon,  by  the  folkwiag  Table?,  thca  j6a  taxtH  re- 
duce the  Time  at  the  propofed  Pfecc,  to  the  Time  at 

As  fuppofe  you  be  at  Leyerpool,  and  ,want  to  calcu- 
late the  Sun's  true  Place  at  &h.  40m.  in  the  Morning. 

As  the;^eridian  of  j^cscrpool  k  lof  in  Time,  )V«ft 
-of  the  Meridian  of  Jvondoqj  therefore  add"  10'  |o  ah. 
40m.  (the  Time  at  Leycipool)  and  th<?  Sum  8h.  50m. 
is  the  Time  at  London  j  to  which  caicufatc  the  Sun'4 
Place  as, before,.       ...  -■■'■.■  ■■ 

■•''-■••  •  •  . 


But  if  the  Place  jou  are  «  cakufate  for^  dr  at,  Isc 
£aft  of.  ihs  Mefiduoi  of  London ;  the  Pifibf ence  of 
Xieridiap&  in  Tin^e,  louft  be  fubtrafled  fn»n  the  givoi 
Time,  the  RenjaifKJa-  is  the  Tim^  at  Londop*  !^hif 
;s  fo  very  eafy,  Exapjples  are  Becdlefs;       . 

p  iL  o  9.  ii. 

To  find  the  Latitude  of  any  Place, 

•  •  •  '  4 

There  are  feyeral  Methods  of  doing  this,  hm  ](fae 
caficft  and  beft,  is  by  taking  the  5un's  Meridian  Aldf 
pide  with  a  very  goad  Quadrant  pr  Tfecedolite,  which 
h  done  thus :  If  it  be  z  theodolite  of  the  bed  Sort ; 
level  th$  Limb,  and  a  little  before  the  Son  comes  to 
the  Meridian,  elevate  the  Telefcope,  pill  yOii  obfenr^ 
the  horjeontal  Hair  therein,  touoh  the  Sun's  loii^r  Of 
uppef  LitBb ;  and  as  (he  Sun  rifes,  elevate  the  Teleftope 
10  it,  till  you  pbferv^  she  Spn  begins  to  defceiid,  thta 
will  the  Index  give  on  the  vertical  Arch,  (he  MeriifiaQ 
Altitude  of  the  Snn's  lower  or  iip|>er  Limb;  (o  or  from 
which  Altitude,  add  or  fubtra£l  i6  Min.  (the  Sun's  4p^ 
parent  Semidiaiaeter)  and  the  Slim  .or  Difference  (ac- 
cording as  you  ufe  the  lower ;(»-  upper  JJmh)  is  thk 
apparent  central  Altitude,  or  the  apparent  Altitude  of 
the. Son's  Center;  which  being  corrcScd  by  Refradioi^ 
jiod  Farallas,  will  give  the  Sun's  true  central  Altitude.  * 

Or  thus;  ^ 

\  I^erel  your  Tbeodc^ice,  and  abotit  2  or  3  Hours  be* 

£nre  Ncan:  direft  the  Tde&ope  ctli  (be  horizontal  Haif 

'    ;  '  touch 


t5>  AtfTROi)0MiCAL' Problems.     BookVI^ 

touch  the-ISun's  lower  or  upper  lAtoh  as  bcfoi^ ;  then 
faften  the  laftrument  in  this  Fofition^  and  note  upon 
Paper  the  Degrees,  &c*  of  Altitude,  as  alfo  the  De« 
greesy  &&  cut  off  by  the  Index  on  the  Limb.  LiCt  the 
Inftrument  remain  in  this  Pdition  till  the  Afternoon  > 
ror  if  it  be  altered,  fix  the  Index  to  the  fame  Degree, 
&c  upon  the  vertical  Anch ;)  and  then  obferve  when 

the  horizoQtal  Hair  juft  touches  the  fame  Edge  of  the 
Sun,  as  before  in  the  Morning  Obfervatipn,  the  Inde^ 
will  cut  the  Limb  of  the  Inftrument  at  fome  particular 
Degree,  &c.  which  note. 

Now  from  the  Evening  Obfervation  fubtraft  tho 
Morning  Obfervation,  and  to  Half  the  Remainder  add 
the  Morning  Obfervation ;  to  the  Degree,  &x.  of  this 
$um,  fix'the  Index  on  the  Limb  of  the  Theodolite,  fo 
^11  the  Teleicope  and  Arch  cxat&lj  ftand  in  the  Plane 
of  the  Meridian.  But  if  the  Obfervation  on  the  Limb, 
which  was  made  in  the  Morning,  exceed  that  of  the 
Afternoon,  then  increafe  the  latter  by  3  60*,  after  which 
work  as  before;  and  if  the  Remainder  exceed  3(So^, 
^btrad  3  ^o^  therefrom. 

The  Inftrument,  that  is,  the  Tclcfcope  and  vertical 
Arch  being  thus  fixed  in  the  Plane  of  the  Meridian, 
muft  remain  in  the  fame  Place  and  DirefHon,  till  the 
next  Day,  or  till  the  firft  Opportunity  offers,  of  the 
Sun  paffmg  vifibly  over  the  Meridian ;  by  which  his  ap* 
parent  Mcndian  Altitude  (and  from  thence  his  true 
Altitude)  may  be  obtained. 

Nqte,  In  the  Morning  it  is  necfeflary  to  take  3  or  4 
Obfervations,  at  gny  convenient  Diftance  of  Time  from 

one 


one  another ;  becaufe  whatever  Elevj^ion  the  Telefcope 
ftands  at  in  the  McJmmg'  Obfertadon^  the  Sun  will  ex- 
^Oiy  fall  in  with  tho  iame,  in  the  Evening-ObTeryatton ; 
and  if  Clouds  happen  to.  interpofe  at  that  Inftmti?  youi; 
Labour  19  loft :  But  by  having  ievcral  Mommg  Obicr* 

vadons,  if  you  fail  in  one,  you  may  fue^^d.in  anorhf^r; 
The  Sun's  Meridian  Altitude  being  determined  by 
cidier  of  the^  foregoing  Methods,  -(the  former  is  the 
better  and  the  moft  pradical)  the  Ladtude  ef  the-Blace 
is  eafily  found  by  the  twa  following  Rules. 

k  V  1 1  t 

If.theJSnil's  Zeaith  Diffance  and  Qedin^tionbe  of 
the  fame  Name,  that  is,  both  North  or  both  Souths 
then  the.  Pifierence  of  the  Zenith  Diftan^e  and  Pecli- 
nauon,  is  the  required  Latitude;  which  is  always  of 
the  fame,  or  contrary  Name  with  the  neclinandn,  ao- 
cording  as  the  Declination  is<.  greater .  or  lefs  than  xh^ 
Zenith  Diftance. 

« 

R   U    L    E     IL 

•  When  the  Sun's  zenith  Diftance  and  Declinarion 
ire  of  a  contrary  Name,  that  is,  the  one  North,  the 
other  South ;  then  the  Sum  of  the  Zenith  t^ftance  and 
Declination,  is  the  Latitude,  which  i^  ever  of  the  fame 
Name  with  the  Sun^s  Declination.  ' 

Note,  The  Zenith  Diftance  is  equal  to  the  Comple- 
ment of  the  Alritude, 

Ex- 


t54  AlTHOKbkicAL  pAoAiun,    h>6k  Vt 

£3(AM?t£L 

Suppofc  tnc  Snn^s  Mcridhm*  Altitude  Soiith  (whctf 
<torrefted  by  Rcfraftion  and  Parallax)  =  ^4'' 48^' 32^; 
required  the  Latimde  of  the  Plaee  of  Obfcnratlon*;  the 
Sm%  DeclrnatioD  North  being*  if 8*  i  b^. 

tildeN^Ttb, 

Let  (he  Sun's  corrected  Meridian  Altitude  Souths  be 
54^48^  32^,  and  his  Declination  Sonth,  at  the  fame 
Time^  iS""  io  ^^  rc(}aired  the  Latitnde  of  the  Fkde  of 


90^-54^48^  32'-  18^  20^=  rrf^5i^  28^  =  Latit. 
North,  becaufe  the  Altitude  and  Declination  are  of  the 
fame  Name  (both  South)  and  becau/e  the  Decimation  is 
lefs  than  the  Zenith  Diftance. 

The  Truth  of  the  two  foregoing  Rules,  is  proved 
and  demonftrated  by  Projeftion  thus. 

Firft,  let  us  fuppofc  the  Sun's  true  Meridian  Alti- 
tude =i  41^  II''  47 ^  his  true  Place  iri  the  Ecliptfc's 
C8. 14®  X  2^  3  i^and  his  Declination  North  =  5*"  36^  47^1 
all  taken  and  found  for  the  fame  Time.    (E^ig.  42.) ' 

Then  with  a  Chord  of  60"*  defcribe  the  primitive 
Circle  HZONy  reprefenting  the  Plane  of  the  Meridiait 
of  the  folftitial  Cdure;  draw  HO  the  Horizon,  and  ZN 
perpendicular  thereto,  for  the  prime  Vertical ;  fo  is  Z 
the  Zenith  of  the  Place  whofe  Latitude  is  required. 

'    Set 


SeAi.L         AsT&0tfo&icAL  Paobxemi.  25^; 

Set  48"  48'  I3^(=thc  Cpmp.  0  AWtudc)  from  Z  to  0, 
alfo  fct  i"*  36'  47^  (=0Declin.)  From  O  Southwiirds  to 
^;1>ecaufe  fheDdelina^idii  hN6rth;  had  It  beeti  Sodtb, 
it  ixiuft  hare  beeh  fet  the  toritrary  Way,  viz.  North  froia 
a  fo'£:  fd  wHl  £  bfe  the  ^oifat  of  Ihtfcrfeaionof  ihc 

Meridian  and  EqUinoftiaL  DrawJK^2.^^^%^^»o^t 
and  P5  perp.  thereto  for  the  Earth's  AkiS,  and  draw  the 
Parallels  of  DeclioatioQ  QHj  ab-y  Thell  it  is  evident  from 
the  Diagram,,  that  ZE  h  =  Lati^de  of  the  Plaq;  j  and 
that  Z©  +  ©£=r4a«;48'  ^3/  +  5^^  36'  47^==  54^  i«^ 

s  Z£  3  the  Ladcude  of  the  Piacd  je£  Obferyation;  But 
if  th^e  Dcc^tipn  had  been  Scfpth,  thco  it  would  ^ve 
beqi  Za^aE^ZE  the  Laiitade  required.  For 
the  Latitude  of  any  Place,  is  the  Diftance  upon  the 
Meridian,  bet^ircc*  the  Zenith  of  that  Place  and  the 
Equtoo^aL 

1P  it  d«.  In. 

To  find  tbi  Obliquity  of  the  EcUfiic,  or  the  Ahgk 
that  the  Ecliptic  makes  with  the  Equinoilialf  which  is 
equal  to  the  Sun^s  greatejl  "Dcclindtiom 

WitK  an  exquidtc  aftronoaical  Quadrant  taK?  the 
Sun*s  Meridian  Altitude  very  aCccurately,  on  the  Day* 
of  the  Summer  and  Winter  Solftice,  thit  is,  on  the 
•0ayj  the "Sdn  tddches  the  flrft  Sciiiplcdf  «b« tropical 
Sgns  Cmcer  and.  Capncdrn; 

Then  fubtraift  thdfe  two  •  Mcridiaii  Altitude  ^oe 
from  Ae  dthcr,  Half  thfiiReauinder  i»  the  Aflgte  of 
Obliquity.  •       1; 


ai^  As¥W«o^i^At  FktM^t'jjKts.    BobkVf. 


•      r  »^  .»   ' 


E  X  A  \m  P  X   E. 

'-  -At  Wmton, '  on  the  D^tys  of  ihc  Soiiitacr  aod  Wmtcr 
ISoIftigc,  the  two  A^ridiaa  AUioides  of  the  Sao  takes 
oy  me,  were,  yiz^  at  the  Sumqier  ■  Solflicc  59**.  4^,*  ^d 
at  thic  IViater  Solfticc  i^"^  ,6^y  from  rwb^ice  the  An^fc 
of  OHigUity  h  rtqiMECcf. 

'  MAff  the  Atth  ZS^^o'*  5<)'  =s  the  Sdfl'S ^lih 
Difta&ce  at  the  Saminer  SioiUlice,  *ii2!I>^  77°  S^'  - 
1^  irtin*3  aeokh  Diftaace  4c  the  Wktver  Selftiee.  1^^ 
SSi  in  i?;  fo  wai  EB(p  Epy  be  the  Arelr  of  the 
Suh's  ^reateft  OfecKaaciob,  tt^iich  iif  Ntitabers  »  (wmA 
ihns,     (Tig.  42;) 

^    FrtMn  Z2> :£ 77 ♦'54/  rr Ozcarth DHI.at WittK* Srfft. 
TakcZ-B  =30  56  s:0zcimhDai.atSJfttfMflepSbl. 

Rem.  5©  =  4(5 .5^  =  Broddi  ctf  the  Zodiac. 

Hatf  .of  which  =  a  j  09  a  ObUqait^  of  the  Ed^tji:. 

PROB.    IV. 


«         .    « 


.Given  the  SwCs  JPlace  /«.»  29»  50'  3',  and:brt 
greatejt.  peclinaihn  23 •  2<>' ;  t6fini\hu  frejmt  '^ecli- 

OT//^.  ... 


Ac  Mght-^gie^  ifpheriia,!  Triangfe  vJ?0,  right- 
angled  at  B,  there  are  giwn  ^he  Hypothenaib  Y<2  * 
-yi^'  50/  3*!  =  DilUiKSs:  of  .the  Sun  from  the  ntaVeft 
EqBBnoai^PdtotY,.  and  the  -*i  .of.  Obliquity  *V0* 
23'  29' }  tofind  JSO  his prcfcnt Declination.  .(Fia.  43>) 

^naltgy 


Mahg*,  h  (ifqfe-^,.  right  ^4.. 

As  JRadiiw:  S,V0  =  59*  5Q'  3' ,; :  S. -ii  ^ Y ©. a 
83'  29' ;  Sl,i?0=  ap'  9/  8'= SuS's Dedication  North. 

Note,  If  the  Sun  be  in  any  of  the  fouthem  Sigos^ 
his  Declination  is  thep.  South;  and  riii; Quaefi^a  may  be 
obtaine^d  in ' the  .right-angled'  fpherical  Triangle  ~^<iu 
the  Equino<Stial  Foint  ^  bring  the  neareft,     - 

Prob.  V.  '■■'  ' 

.'.''•  .  .  *       .   .  I    

Qlven,  tbt  Stat*f  prt/hu.  1^ecJiifa^,=^:iQ^  ^  8',;  aid, 
tie  0^qmtyrftJie,^cltflicja,  2  J*  «J}'  f  tp^  bisj^ 
^tudcfi  or  Plae^Jin  the  JSilipJfi.        -.  .,,•-. 

TOsProb.  is  jaft  the'  Reyerfe  of  the  laft,  and  is- 
feiw^intihe right-angi64 Tmngic JJy ©.  (Pio. 43.)^ 


-^wkgff  hf  Cafe  12 f  right  •.^a.i. 

As  S/-^5Y0  =  23*  2/:  Radius::  S.50=2o' 
9^  8^  :  S.  YO  =  59  •  50/.  3^  =  Suit's  Longitude. 

That  isy  the  Suo^s  true  Place  is  »  29*  50^  3^,  bcr 
cauft  his X^ecKution  is. North;  bad  it  been  SQuth,.  it 
would bafc. b^ea  n.%^^  50/  3,^,  bcouifei^  ^  w»J14 
faaye.  bqeu.  the  nearefl  Equinoctial  Point. 

P  R  O  B.    VI. 

.  Civ^n.  ibe  SutCs  L9ngUude  Y<3  a  59*  50^  3^  ^»if 
hbgreat€fi7>icimatwtt BY  0  23*  29^ ;  tcfindhis  right, 
y^ccnfim'^B.    (F1G.43.) 

L  I  2  ^aldgy, 


'^5^^  ArrHONOMICAL  F&OBLEMS.       BoG&VIf 

Analogy f  by  Cafe  i,  right  ^^s. 

As  Radius  VTaiL  V  0  =  59*  5P^  f'::  Cof.  .^  J5  Y  0^ 
c=  23*  2/  :  Tan.  y5  =  57*  38^  15''  =  SimV  rigta 

Note,  If  ihci  Sun  Jbc  in  the  jGrft  Qs^drant  qf  the 
!|Ecliptic  (as  it  is  in  the  prcfent  Cafe)'yiz,  ijj  Yj  i^,  H; 
then  the  fourth  Arch  (as  found  above)  is  the  Sun's 
right  Afcenlion  from  Afies*  B}it  if  the  Sun  be  in  the 
fecond  Quadrant  of  the  Ecliptic,  yiz«  in  S.  A.,  nc ;  then 
^e  fourth  Arch  muft  be  tafcen  from  i8o';  and  the 
Renfainder  is  the  right  Afcenfion  from  Aries. .  When 
the  Sun  is  in  the  third  Qnadrant,  tiz.  in  t^/^,  ^ ;  the 
fourth  Arch  mqft  bi;  ad^ed  to  i^q%  i|nd  thq  Somis^^e 
ifight  Afceniipn  from  Aries.  L^ly,  when  the*  Sua*  k  ix) 
^he  fourth  Quadrant,  viz.  in  >Cf*,  2»,  K  ;  the  fourth  pro- 
portional Arch  muft  be  fubtrd(^ed  from  350.*;  and  thf 
kemainder  is  the  Sun's  right  Afcenfion  from  Aqes. 

Pro?.   VIL 

.  1  »     .«  ... 

Given  the  Latitude  of  the  Place  «=  54!  25^,  and  tb^ 
Suifs  VecUnation  =  26*  y  8?;  hfi?ut  bis  i^/impKtiide. 

in  the  right-angled  fpherical  Triangle  POC,  there 
are  given  the  Leg  -PQ  =  54*25^s=the  Latitude,  and 
the  Kfyppthenufe  PC  =  69*  50^  52^  =  Comp.  Dccl.  or 
the  Diftaiice  of  the  Sun  from  the  North  Pole*  of  the 
Globe;  to  find  the  Leg  CO  =  the  Compl  Amplitude. 

%dnalogj 


SeQ.i.       A«TftON6i«fiCAi.^FidBLEMfl.  S5j^ 


As  GoC  J*0  ss  54*^25' :  Radius ::  Cof.  PC  Si  69^ 
50^  52'  :  Cof.  CO  =  53*  41/  46',  nrhofe  Coinplemeat 

f  •    ;  

"Pro?.  YiPt     '  . -' ■ 

Given  the  Latitude  of  the  Place  =  54*  25',  and  the 
SufCs  "Declination  =  '23'  29'';  to- find  the  afcenfional 
^Differences  and  confi^quenfly  the  true  Time,  of  fhe  Sun^s 
kifirn^  find  Settings  wtb  the  Length  of  the  ^a].an4 

Kighf. 

In  the  right-asglcd  fpberical  Triangle  FOF^  there 
9^  given  PO  =r  54*  25^,  and  BF  =  66*  31^;  to  find 
the  Anglp  FPO  =  Ae-  Cprnplement  of  the  ^fcenfiona} 

Piffcrcnce.  . 

►  '  ■         * 

Analogy,  by  Cafe  4,  rijA/  ^^i/. 

T^adius :  Tan-PO^  54^  25^  n  CotaiuP-F=i$<5*  3l^: 
<u)f.  -csn  /'PO  =  52*  36^  58^,  whofe  Complement  37* 
23^  22^  is  the  Sun's  afcenfional  Difference,  which  con* 
yerted  into  T5mc  (i5*  of  the  Eqninb6:ial  being  =  to 

1  Hour  of  Time)  is  2h.  29  m.  3^  fee  28  th.  which  taken 
from,  and  added  to  6  Hours,  the  farmer  =  3h.  3onL 

2  6  fee  32  th.  i^  the  true  Time  of  the  Sun's  Rifing;  and 
the.  latter  =  8h,  2901*  33fe|e  28  th.  is  the  true  Time  of 
the  Sun^s  Setting  in  the  Latitude  of  54*  25'  North. 

But  fuppofing  the  Sun's  Declination  South,  then  this 
afcenfional  Differience  in  l^hne  muH  have  been  added 
^        ''  to^ 


to,  and  fubtrafled  from  6  llours,  and  the  former  = 
8h.  29'  iS^'iS*^  is  the  true  Time  of  the  Sim's  Rifing; 
aoji  the  imcf  jti*  3,V  94f  32^^  isjthe-tmeTJteeofxhc 

Note>  DoB^tbb  Time  of  the  Stip*rifiiig  giye»  the 
Length  of  the  Night,  and  double  the  Time  of  the  Sun- 
fctting  the  Length  of  the  Day;    *   - 


^       « 


^  

[  Given  the  right  Jijcen/ian  and  afcenfional  Hijftrence^ 
tojihd  the  cbitque  ^fcenfton  and  obHque  TDeftenfttm.  * 

.      .  In. North  Latitudes. 

If  the  Dedihatioh  t>c  North,  the  ifcenfional  Difference 
added  to,  and  fubtrafted  from  the  right  Afcenfion,  the 
latter  is  the  obliqqe  Afcqifion,  and.  rfie  former  the  ob- 
lique Defccnfion.  But  if  the  Declination  be  South ;  the 
former  is  the  obHque  Afcenfion^  and  the  latter  the  qhr 
lique  Defccnfion. 

In  South  Latitudes  jufi  the  cenirary. 

Ex  A  li  ?  L  JE. 

.  Suppofe  the  Snnfs  right  Afcenfion  =  90  •  oo^  (3s  iq 
the  Beginnbg  of  «)  and  the  afcenfional  Difference  = 
37*  23'  22^,  in  the  Latitude  of  54*  25^  North;  re- 
quired the  oblique  Afcenfion  and  oblique  Defcenfion. 

Ope- 


Seal.  AKtriOHOIftltAXfttmLIni^  ^^ 

O  P  £  E  A  T  I  6  N. 

Right  Afdcofioa        *—        — *      po*  oo'  crc/ 
AicenC  Differ,  fubc^.  amd^add   —  ^7   2g  as  - 

Remainder  is  theobliqueAftCfitidir' 52-36  g8    ' 
Som  is  the  obUque  Defq^oa  --  .127    23  2^ 

Inf  fuch-Iike  Cdes  as  thefe^  tfrcalwayk  fo^ofc  the 
Sun's  Declination  unahtraWe'fior  otic  y^hdk  Day  (whiA 
ill  Reality  is  hot  fo);  therefore  tthentVer  wfemean  to 
be  aectrate  in  oor  Calculations,  we  take  Care  to  gtt  the 
true  Decimation,  as  near  the  precife  Time  in  the  Quef- 
tion,  as  poffibly  yrc  can,  ,    • ; 

G/w;?  /i&^  Latitude^  =  54*  i5^  Kjart\miJ  thi  2fr- 
cRnation  rf  the  Sun,  Mm,  or  Star  tsr  20*  9^8^  Atr/A; 
to  find  their  oblique  ^fcenfion  and  oMiqut*Defhri/um,  arid 
ebnfequMly  their  Time  oflUJing,  attdSettihg. 

•  •  • 

.  Jic  the  right-angled  fphericd  Triangle  PCOf  giYt^n 
PQ  ^  ^4.^  25/  =  the  Latiwdr,  amd  PCcx  69*  50^  52^ 
^  Cotsplement  o£  the  DeclinatioQ  f  to  find  cb*  ^ei,  acF 
=  the  Time  from  Midn^ht.    (FKI.4J.)..  . . 

^nalogy^  by  Cafe  4,  r/^A/  .<::i  /. 

As  Radius :  Tan.  PO  =  54'  25/  h  Co»n.  PC  =: 
^9°  50^  52^  :  Cof.  ^  i^  =  5/  8^  32^. 

This  59*1  8^  32^  is  the  fcmi-noftumal  ^rch,  which 
hi  Time  is  =  gh.  56^  34^  8^'  =  thetrue  Time  of  their 
Riiing,  Pkob' 
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P  R  O  B.    XL 


.  \', 


Ghen  the  Latitude  =  54*  25'  -iVor/*;  W/i&rf  /SjinV 
7)ecliaation  =  rg*  29'  Nfrtb',  to  find  tbi  Time  be  will 
be  due  E»ft  and  Weft.    .  ■ 

In  tEc  right-atrgled  fpherical  Triangle  Z»^P,  giveir 
ZP  =  3S«>  35'  =  Co-lathudc,  and  ^P  =  66""  31-^  = 
Diftance  of  the  Sun  from  the  North  Pole ;  to  find  the 
dt^  P  ==  the  Hour  from.  Noon,  when  the  Sun  is  upoa 
the  pripoe  Vertical,  or  Eaft  and  Weft  Line  ZN.  (Fxo^ 

44-) 

Analogy^  by  Cafe  4,  right  ^L 

Radius  :  Tan.  ZP  =  J5*  35^  ::  Cotan.  PA  =  66* 

Then  7 1  "*  5  V  converted  intoTime  is = 4  hw  4  7^  o'  3  (f' 
s=  the  true  Time  of  the  Sun*s  Wcfting;  whofe  CompL 
to  12  Hours,  is  7h.  12^  59'  24^'  the  true  Time  of 
his  Eafting.  But  had  the  E>eclitianon  been  South,  then 
the  former  £afting^(s:  yh.  12'  59^  24^^)  is  the  then 
Wcfting,  as  aHb  is  the  forader  Wcfting (=  4h.  47'  o^  36^^) 
the  prefent  Eafting,  as  is  evideut  from  the  other  Tri- 
angle 5a ^  in  the  £utte  Diagram. 

Pkob.   XIL 

Qiven  the  Latitude  if  the  Place  =  54^  25^  l^orth^ 
and  the  Sun^s  ^Declination  =  23*"  29^  North  ;  to  find  its 
Altitude  when  Eaft  or  Wefi, 

u 
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In  the  righ tangled  fpberlcal  Tritogle  Z^P,  there 
are  given  ZP  =  35**  35'  =  G)ittp.  Latitude,  and  PJ/ 
r=  66"  31^=  CompL  Sun's  Declination ;  to  find  Z^s 
the  Compl.  his  Altitude  when  Eaft  or  Weft.   (Fic.  44.) 

•      * 

^alogy^  hy  Cafe  6,  rt^bt  ^s. 

Cof.  ZP  =  35*  35^  :  Radius  ::  CoC  ^P  =  66""  31^: 
Cot  Z^  =  60"*  4of,  whofe Cpmpleinent  ap""  20'  is  the 
Sun*s  Alitnde  required;  but  if  the  Declination  had  beea 
South,  then  29^  20^  would  have  been  the  Depreflion 
below  the  HorizotL 

Pro  B.   Xni.  . 

*      « 

Given  the  Latitude  of  the  Place  =  54*  25'  North, 
and  ibe  'Declination  of  the  St«  =  23°  t^  North ;  to 
find  Ins  Azimuth  at  the  Hour  of  Six. 

In  the  right-angled  fphcrical  Triangle  ZtP^,  ther? 
are  given  2 P  =  35°  35'  =  Compl.  Latit.  and  PA- 
66°  3 1'  =s  Sun*s  Declin.  N.  to  find  the  -*i.  Z  his  Azi- 
muth from  the  North,  wliich  1$  =  Arch  -50  of  the 
Horizon.    (Fie.450' 

•        -  •  •  , 

Jrnlogy,  by  Cafe  13,  right  ^s. 

Tan.  PA^  66"  31'  :Radius::  S.ZP  =  35"  35;= 
Cotan.  ^  Z  75°  49'  =  Sun's  Azimuth  from  the  North. 
But  if  the  Declination  had  been  South,  it  would  hare 
been  his  Azimuth  from  the  South;  whofe  Comp.  to 
90%  is  the  Azimuth  from  Eaft  or  Well.  Alfo  the 
^    '  Mm  Sup. 


;2tS4         Ast&okomic'alF&objlems.  BdbkVL 

Supplment  of  the  Azimuth  from  the  North  or  South, 
wiU  be  the  Azimuth  frpm  the  South  or  North. 

.     P    R    O    3.      XIV. 

Given  the  Latitude  of  the  Place  :=i$^  25',  and  the 
Sun^s  7>eclinati(m  North  =  23"^  29'';  to/nd  bis  jiltitude 
at  the  Hour  (f  Six.  •  '\ 


■        « 


Id  the  right-angled  fpherical  Triangle  2^P,  there 
are  given  ZP  =;  35**  35^  =  Comp.  Lat.  and  PJf  ^  66* 
21^  sIDifl.  Sun  from  the  eleyated  Pole;  to  find  Z^ 
the  Comp.  Altit.  at  Six  o'Clock.    (Fig.  45.) 

^ahgy,  hy.Cafe  14,  right,  ^t. 

•  •  -  *     .     . 

Radius  :  Gof.  ZP=  35°  35'  -  Cof.  FA  =s  6<J"»  31^; 
Cof.  ZA  =  7 1  °  6^>  ^hofc  ^CoIn^>I.  1 8°  54'  ii  the  Son's 
Altitude  at  the  Hour  of  Six ;  but  .if  the  Declinatioa  had 

•      '       *  '  »  •   '   .      .  ' 

been  South,  it  woufd]  have  been  the  Depref&od. 


'  -        « 


.  P  »  o  B.   XV.     • 

J.I  .         ■  ■  • 

Given  the  Latitude  of  the  Plate  c=  54^  25^  Norths 
and  the  Sun  in  the  Equino&ial ;  to  find  the  Altitude  at 
I  o  o^Clock  in  the  Morning,  or  at  Two  in  the  Afternoon. 

:  In  the  right-angled  fpherical  Triangle  Y  MN,  are 
given  yM  60**  £=  the  Time  from  Six,  and  MtN  = 
35 **  35^  =  CorapL  Latitude ;  to  hxdMN  the  Sun's  AI* 
titudc  at  that  Time,    (Fig,  45.) 

./inalogy 
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^alogy,  by  Caje  2^  right  ^i^s,    .       ' 


*      ■  * 


•  ^ 


Radius  :  S.  Yikf =.^0^  ::  S,  <1  MrNfr  SS^.  J5^: 

$.  ilfJV=  30^  15/  =  Suq's  Altitude  4t  Ten  ia  the 

Momngf  or  Two  in 'the  Afternoon. 

'  : 

P  R  O  B.     XVI. 

'Given  the  Latitude  of  the  Place  rz^^''  25'  JVbr/A, 
and  the  Sun^s  Azimuth  from  the  Eafi  or  Weft  ^  1 6*"  13^ 
North\  to  find  his  Altitude  at  that  Time]  the  Sum  then^ 
being  in  o  *l^egr.  ©• 


»•     '  « 


In  the  right-angled  fpherical  Triangle  XB^^  given 
VJ?  =  16**  i^  =  <Sun*s  Azimujh  from  the  Eaft  or 
Weft  towards  thfe  North,  and  tjie  Angle  ^Y^.  = 
54^  25^  =  Latitude;  to  find  iAB  the  Altitude  'afthat 
Time.    (Fig.  45.) 


^nahgy,  by  Cafe  7,  right  ^^Ls. 

Radius  :  Tan.  ^  AZB  =  54^  25'  ::  S.  Yi?  =  16'' 
13'  :  Tan.  AB  =  2 1**  19^  =  Sun's  Altitude. 

P  R  0|i.'XVlL  , 

•  Given  the  Latitude  of  the  Pla^  ==  54"*  2$^  North; 
the  Sw^s  'Declinatim  North  ^23^  29^%  and  the, Time 
of  the  Hay  =10  iChck  in  the  Morning  ;^  to  find  the 
Suris  Altitude. 

In  theoblique>alBgl€d  fpherical  Triangle  ZPR,  given 
the  Side  ZP  =  35°  35'  =  Cocnpl. •  Latitude,  RP  =• 

Mm  a  66°  31' 
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66"  31^  =  Son's  Diftancc  fr<»B  the  Nonb  Pole  of  the 
CHobe,  and  the  ^  ZP  11=^0" ;  to  find  RZ  the  Com- 
plemeot  of  the  Son's  Aldtude.    (Fie.  45.) 

^rjtf  for  the  Sefftfent  dP,  by  Cafe  \,  right  .^f.     , 

Cotan.  ZP  =  35*  35'  :  Radius  ::  Coli  -i.^i>4=: 
ao'  00*  :  Tan.  dP  =5  ^i*  47/. 
then  RP-dP  =:  66"  31'  -  31°  47'  =  34»  44* 

•then  Cof.  dP  =  31°  4/  :  Cof.  ZP  =  35'  31'  :: 

Cof.  Rd  =  34"  44' :  Cof.  RZ=iQ"  1 1%  whofe  Com' 
element  5 1  °  49^  is  the  Sun's  Altitude.  '  '   ' ' 

^  G.£N£&AL  Rule  to  be  obferoed. 

If  the  giTcn  Time  be  between  Six  la  the  Momiog 
apd  Six  at^Kighty  the  fourth  Arch  found  as  above, 
ni'ud  be  fubtra&ed  from  the  Sun's  Piflance  from  the 
North  Pole ;  but  if  the  given  Time  be  before  Six  in 
the  Morning,  and  after  Six  at  Night,  the  founh  Arch 
mud  be  added  to  the  Sun's  Diftance  from  the  North 
Pole ;  the  Sum  or  Diffcnwice  is  the  fifth  Arqh. 

p  R  o  B.  xvnj, 

Ghen  the  Latitude  of  tbeVtace:^^  54**  25^,  the  StaCs 
7)eclihatiM  =  23^  2^<'Nortbj  and  bis  ^itrnk/ss  J^V 
^o* ;  to  find  the  Hour  of  the  "Day.  •     .  *  * 

In  the  oblique-angled  fphcrical  Triangle.  ^2  P,  given 
all  the  three  Sides,  viz.  ZP  s=  35^  35^  JiP  =  66  3 1 V 
and  Z^  =  41''  30/ ;  to  find  the  Angle  P  the  Hour 
from  Noon.   (Ficr*46.). 


O  P  ;E  H  A  T  I  O  N. 

2  P  =  Compfement  of  ihc  Larimdc      —   .35   35' 
^P  =  .Compjcmcpt  of  the.  Sqn's  DecliftaoQn   j^6   31 
^Z  =  Complement  of . the  Sun's  Altitude        41    30 

Sum  of  the  three  Sides        [ ^      .  ' — 

•  •  •   •  . 


Hal/ Sum        —       .— 
Complement  of  the  Latitude  fubtn 

Di&reuce        ■  ■..   ■.         — r-  . 


Hi 

36 

'1*,. 

71 

35 

48 
35 

3<5 

I? 

71 
66 

48 
31 

Half  Sum       

Complement  of  the  Declination  fubtr.     --^ 

P difference       " -H^ .       — rr        5    17' 

The  RequiCtes  being  obtained,  proceed  thus ; 

,'  '        ►  .'         '  ^    .•   .  .    .  ., 

Side  jtP  Gomp.  Latitude  S.  Co,  Ah  3  5  "*  3  5 ^  0*2  35 1 6z 

Side ^P Comp.peclinat.  S. Co. Ar.  66  3 1  0*037547 

Differ.'  Co-latitude  and  |  Sum     S.  31$  13  977 1470 

l^ifffsr.  Co-declinat.  and  •[  Sum     S.  5    1 7  8*9 <$4 1 7a 


•t  _« 


$um  of  the  Logarithms         *— -  1 9*008349 

■    ■  ■  ■  ■■< 

Half  is  the  Sine  of      —       18^  37^  10^    9*504174' 

Doubled  is       *•=—        -1-       37   i^  26  wMcb   con-* 

Verted  into  Time,  is  ih.  28^  57^  20'^  that  is  9 h.  31^ 

2 '-40'^ 'in  the  Morning,  the  Time  of  this  Obfefvi^ 

tion.       

Ii'.i.i 
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P&oB«  XDL 

GivtM  the  Latitude  rftbe  Ptace-rz  54*25',  the  Sun^s^ 
J>eclinati0n  Jf.  =  23  •  29^  and  the  ^titudi  =  48* ;  /^ 
^/(ific/  bis  ^imuibfrom  the  North. 

Li  the  obliqae  fpherical  Triaiigle  ^ZP,  given  all 
ilic  Sides,  Tiz.  ZP  =  35*  35^  r=  Co-larimdc,  ^P  =s 
66*  31'  =  Comp*  Sun's  Declinac*  North,  and  ^Z  = 
42^  =  Comid.  Aldtode;  to  £nd  the  ^tC^Z-^^  the  Sun's 
Azimuth  from  the  North*    {Fig.  47.)  .  . 

~OpB&ATION. 

ZF  =  Cbm^Icinent  of  the  Latitude       —       35  *  35^ 
^P  ^'Complement  of  the  O  Declination         66  3 1 
•^Z==C!ompJ.O. Altitude         —         —       42  00 

Sum  of  the  three  Sidcs^       .     i^     5 

Half  Sum'       •— -          ■                 ■  y^     y 

Compl;  Latitude  fubtrafi        -y 35  35 

Difference'      — —        — —        ■  26  28 


mth^tm 


K^If  Sum .      r         -    •-        72     J 

Qmipleineat  iUdtude  fabtrafi     . —      ■=->     .  42     a 

'. — ^        30     3 


Then 


I 
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Thci\  proccc4  t^us  ;^.    , 

Side  Z  P  ae  Comp.  Latit.  SXa  Ar.^  35  *  35'  .  0-235^1 6t 
Side  ^Z  =  G)mp.  Altit.  S«  Co.  An  ^2  00  0*1 74489 
Differ.  G)mp.  Lac  and  i  Sum  _S*  36  28  9774046 
Difl^« Compl  Altit.  and  1 3um     S.  30     3      9-69962^ 


^^•m* 


Sam  of  the  Logarithms         ;    -  ■  i9'883*3^3 

Half  is  the  Sine  of  / —■   '^—     tSo  58^     9-941661 

Then' 6o*  5 8^  doubled  is  1 2 i '  5 6^  =  <.  Z  =  Sun^ 
true  Azimuth  from  the  North,  whofe  Complement  to 
a  Semi-circle  is  58*  4^  =  the  Azimuth  from  the  Sou  til. 

P  K  O   B.     XX. 

Given  the  Latitude  of- the  PJofs-rr.M^ .^ 5^  Norti, 
lie  SurCi  Altitude  =  46*  28%  and  tbe^Xme^the  %>ay 
=3  10  o^Clock^  43  Min.  before  NoQn}  to  find  ths,  Sun^f 
^inudbfrom  the  North. 

In  the  oblique  fpheric  Triangle  ^ZP,  there  arc 
given  ZP  =  35*  35^  =  Compl.  Latit..  ^Z  =  43*  ^*.^ 
sCompI.  0  Altitude,  with  the  ^  P  =.I9*  is^r  «> 
find,  the  .^^  Z^  the  Sun's  Azimuth  from  the  Norths 
(Fig.  48.) 

The  Perpendicular  being  let  fall  from  Z  upon  ^P, 
we  have  two  right-angled  fpherical  Triangles  PBZ, 
ABZy  in  the  Triangle  -P J? Z,  we  have  given  ZP  == 
35*  35^  and  the  .<c.  at  P=  19*  15' ;  to  find  the 
PZB. 

^alogy 
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fedras  :  Tan.  -^  P  =  rp*  15^  ::  CbC  Z-^  =  35* 
35^ :  Cotan.  -<r:  PZ-ff  =  74*  9^. 

Then  Cbtan.  ZP  =  35*  35^  :  Coff  ^  FZJS  = 
74*  9^  ::  Cotan.  jiZ  =  43*  32  :  Co£  ^^iB  = 
78*  8^ 

Then  AZB  +  PZ^  =  78^  8^  +  74^  ^'  -  ts*^ 
17'  =  .^ZP  =  Sun's  trnc  Azimuth  from  the  North ; 
vhofe  Supplement  27^43^  ^^  ^^  Azimuth  fr(»n  the 
South. 

F 11  0  B.    XXL 

Given  the  Latitude  of  tin  Place  =  54^  25^  Nortb^ 
the  BufCs  Tieclinatim  Hortb  =  (^  45^,  and  his  Diflance 
frMi  the  Zenith  (always)  =  108"*;  to  find  tl^  true  Time 
c/7>af-breai  in  the  Mmnng^  and  the  Ehdofthe  Even-' 
ing  Twilight. 

Note,  Day-hreak  in  tBe  Morning,  and  the  End  of 
the  Erening  Twilight,  is  when  the  Sun  is  1 8*  below 
the  Horizon* 

In  the  oblique-angled  fpherical  Triangle  ZP*^,  there 
are  given  ZP=3 5*  35^  =  Compl.  Latitude,  ^P  =s 
83*  15^'=  CorapL  Declination,  and  •^Z  =  108**  =  Sun!s 
Diftance  from  the  Zenith ;  to  find  the  .^  P  =  the 
Hour  from  Noon  of  the  End  of  the  Ercning  Twilight. 
(Fig.  49.) 

Ope- 
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*        - 

OPERATipN. 


•-% 


ZP  the  Complement  of  the  Latitude 
^P  Complement  of  the  0^s:Declittat. 
^Z  O's  Zenith  Diftancc  '  ^  ' 

Sum' of  the  thr^e  3ides    \  *- ,. 


35° 

35' 

83 

15 

108 

00 

Half  Sum  — 

Compl.  Latit.  fobtr. 

DiflfereQcjc         — r- 


Half  Sum         

Compl.  Declination  fabti^ 

DiiFercnec         ■ 


_    00^   ^  r\. 

■•   22  0  ^0 

_    1  t  *i       or* 

113  25 
-   35  35 

tm             ^  1       e  r\ 

» 

"   77  5^. 

_     V  T  ^    f  1* 

^6    *^ 

■«.      Ort   1  /^ 

,  30  10 

»'  •  .  ,    '  <  \ 


•7 


Then,  •        • 

Side  ZPCbmpLLatk;&  CiiA*.  35°  35^  «=  0*235 1^2 
Side^PCoippl.Declin.S.Co.Ar.83  15  =»  o;qojo2I 
Diff.  Compl,  Latit., and  |Suin.S.  77  50  =,9-990134 
Diff.  Compl.  Dccl. and  iSunj^    S.  jo,   10  =  y^qi  151 

Sum  of  the  Logarithms        19^929468 

Half  k  the  Sine  of  '  ■>—     —'67  13  =  ^964734 

Doubled  is '■^-       1 34  2^  f  ^  *'  ^^® 

Pole,  which  con  vetted  into  Time  is  8h.-57Jtt.  44 «.  the 
End  of  the  Evening  Twilight  ;*  whofe  Compfement  to 
12  Hours,  is  3h.-  zm.  i6».  thetrteTime  of  Day-brealc, 

Nn  SECT 
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SECT.   n. 

Tables  of  the  Sen's  Mean  Motion. 


Yean 

Sna' 

s  Longitpde. 

Son's  Anomaly 

complete. 

S. 

0       t       m 

S.    *►     '     • 

I 

»0     45     40 

»»     »P     44     37 

% 

X9     31      *o 

11     »9     =9     14 

3 

29     17       0 

II     X9     13     SI 

B     4 

0 

0        I     49 

11      ap     57     37 

5 

IP     47      »9 

It     X9     S*     14 

6 

»P      33        9 

IX     29     xS     51 

1 

29     18     49 

II     29     II     a8 

. 

B    9 

0 

«        3     37 

II     ip     55     15 

9 

X9     49      18 

It     S9     3P     51 

TO 

19     34     58 

II     a9     a4     «a 

fT 

%9     xo     38 

II     a9       P       5 

B   II 

0 

0        5     ^6 

II     »»    5*     SO 

13 

a9  '  sx        tf 

II      19     37      17 

14 

aP     36     47 

II      X9     a»        5 

1 

If 

»^     *»     *7 

11*9       tf     4» 

B  itf 

0 

0       7     15 

II     X9     50     »T 

17 

»P     5»     55 

II     »P     35       4 

i8 

*9     38     35 

11     ap     ip     41 

ip 

aP     X4     X5 

II     aP       4     18 

B  xo 

0 

0       9     04 

II      aP     ^8       4 
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BOOK    VII. 

ne  Descriftioh  and  XJtE  ef  the  feveraJ  Ik-» 
8  T  RUM  £  NTS  required  in  making  an  aSual  Sua-* 

VET. 


■ 

THE  whole  Pra^ice  of  making  an  ajfhial  Sorvejr, 
can  only  be  faid  to  conilft  of  two  Parts,  viz.  u 
The  Meafuringof  Diftanccs,  2.  The  taking  of  Angles* 
The  Inftrnmeots  moftly  in  Ufe  for  Meafurtng  of  Dil^ 
taoces^  are  the  Chain,  and  the  Perambulator  (or  fur- 
veying  Wheel)  the  latter  being  chiefly  ufed  in  Survey-? 
ing  of  Roads. 

But  for  the  afcertaihing  the  true  Quantity  of  any 
Angle,  there  are  feveral  Inflruodents;  as  (he  Theodo- 
lite, the  plain  Table,  the  $emi-circle,  find  the  Qr-i 
cumfercntor ;  hut  the  twQ  latter  are  out  oiF  Ufe  at  this 
Day,  the  Preference  being  (defervedly)  given  to  the 
two  former. 

Laftly,  there  are  other  Inftruments  ufpd  11^  plotting 
a  Survey;  as  a  Scale  decimally  divided  the  whole 
Length,  commonly  called  a  Feather-edged  Scale,  ^ 
Protraftor,   a  Parallel  Ruler,  &c.  of  which  in  their 

Order. 
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S  E  C  T.    L 

ne  Defcriftioti  and  Ufe  e/^GoNTEii's  4  PoLfc 

Chain. 


THERE  have  been  various  Sorts  of  Chains  made 
and  contrived,  according  to  the  particular  No- 
tions of  different  Surveyors ;  but  that  called  and  known 
by  the  Name  of  Gunter\  Chain,  is  preferable  vo  all 
others  as  yet  contrived,  both  for  its  Exaftnefs,  and  eafy 
Applicatiob,  in  the  Praftice  of  making  an  aftual  Sur- 
vey. Its  Length  is  juft  22  Yards,  or  66  Feet,  or  4 
Pote,  at  5  ^  Yards  to  the  Pole ;  decimally  divided  the 
whole  Length,  into  1 00  equal  Divifions,  by  Means  of 
as  many  Links,  the  Length  of  each  of  which  is  7-92 
Inches. 

This  Chai^  is  marked  at  the  End  of  every  10 
Links,  with  Pieces  of  Brafs,  which  Number  from 
each  End  thereof  to  the  Middle  and  no  farther, 
where  is  hung  a  circular  Piece  of  Brafs,  deno- 
ting 50  Links  or  the  Middle  of  the  Chain ;  and  fo 
may  any  Number  of  Links  be  readily  difcemed,  du- 
ring the  Time  of  mcafuring  a  Diftance. 

The  Manner  of  working  or  meafuring  vrith  the 
Chain,  is  thus: 

Firft  provide  a  Staff  exaftly  6  Feet,  7  Inches,  and 
2  tenth  Parts  long,  which  mull  be  divided  into  10 
equal  Parts;  and  is  in  Length  exaftly  equal  to  10 
I^nks  qf  the  Chain,  with  this  you  muft  mcafure  your 
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Ofiscts,  as  (hall  be  Ihewn  hereafter,  and  is  thence  na-^ 
med  an  OHset-fta£ 

You  muft  alfo  be  provided  with  i  o  fhort  Sticks  like 
Arrows,  about  two  Feet  in  Length,  pik'd  with  Iron 
at  one  End,  and  of  a  convenient  Thicknefs,  fo  as 
eaiily  to  be  grafped  in  one  Hand. 

Being  thus  accommodated,  let  the  Man  who  carries 
the  fore  End  of  the  Chain,   (commonly  called  the 
Leader  of  the  Chain),  take  the  ten  Sticks  or  Arrows 
in  his  Hand,  and  going  forward  with  the  Chain,  let 
the  Perfon  who  carries  the  hinder  End  thereof,  ftand 
at  the  Station,   and  hold  the  End  exaftljr  to  it,   and 
then  he  muft  direft  the  Leader  of  the  Chain,   by  ma- 
king a  proper  Signal,   'till  he  fix  him  in  a  direft  Line 
with  the  next  Station ;    there  let   him  put  down  a 
Stick.     Then  going  forward  towards  the  Station,  mea- 
furc  the  Diftance,    and  make  the  Oflfeets;   but  the 
Manner  of  doing  thefe  fliall  be  more  fully  defcribed 
when  vstt  come  to  lay  down  the  Method  of  making  an 
.aftual  Survey  by  the  Chain  only.    It  isH)nly  further  to 
be  rerharked,   that  the  Perfon  who  carries  the  hinder 
End  of  the  Chain,   muft  be  careful  to  take  up  every 
Stick  as  he  comes  to  it,  for  lofing  a  Stick  is  lofing  a 
Chain's  Length ;   and  to  guard  againft  that,  the  Man 
who  carries  the  hinder  End  of  the  Chain,  muft  free- 
quently  enquire  of  the  I^eader  of  the  Chain,    how 
many  Sticks  or  Arrows  he  hath  ;  and  if  the  Number 
each  Man  hath,  when  put  together,  make  ten,  there 
can  be  no  Error  in  that  Meafurement ;   if  otherwifc, 
there  is  a  Miftake,  which  only  can  be  remedied  by  a 
fecond  Mcafuring,  which  by  no  Means  muft  be  omit- 
ted 
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ted,  as  the  Troth  of  the  whole  Sarvcy  is  greatly  dc* 
pendent  thereon. 


.SECT-    n. 

T^tf  ^efcription  and  Vft  of  the  Perambulator^ 

or  Surveying-wheel. 


THIS  Inftrument  confifts  of  a  Wheel  neatly  laid 
round  with  Iron,  to  prevent  its  wearing;  whofe 
outfide  Circumference  1399  Inches,  or  Half  a  Statute 
Pole;  it  has  a  wooden  Frame  three  Feet  long  (including 
the  Handle  and  Cheeks),   within  which  the  Wheel 
turns  in  Time  of  Praftice-    It  has  likewifc  a  Box  of 
about  ten  Inches  Diameter,  containing  a  Motion-work 
of  Brafs,  on  the  Face  of  which  are  three  concentric 
Circles,  to  each  of  which  belongs  an  Index  or  Hand. 
One  of  thcfc  Circles  is  divided  into  1 00  equal  Parts, 
(hewing  the  Links ;    one  Revolution  of  which  is  equal 
to  one  Gunter^%  Chain :     Another  is  divided  into  80 
equal  Parts,  denoting  the  Chains  ;  one  Revolution  of 
which  anfwers  to  one  Mile  :   And  the  other  Circle  is 
.divided  into  50  equal  Divifions,  noting  the  Miles  ;  one 
Revolution  of  which  is  equal   to  50  Miles.     So  the 
Diftance  paffed  over  by  the  Wheel  at  ^ny  Time,  will 
be  exprefied  in  Miles,  Chains,  and  Links. 

The  Motion-work  in  the  Box  being  afled  upon  by 
the  Rotation  of  the  Wheel,  gives  Motion  to  the  three 
Hands  or  Indices  before  defcribed.  The  Length  of 
the  whole  Inftrument,    from  the  Extremity  of  the 

Wheel 
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^eel  to  the  Handle^  is  little  more  dun  fqor  Feet ; 
but  as  to  its  Size^  it  may  be  greater  or  leis,  and  (q 
coQtriyedy  as  to  take  in  Pieces,  (the  Wood^work  be* 
ing  of  Mahogany)  and  put  together  again^  for  the 
Convenience  and  Eafe  of  Carriage. 

This  Inftrument  having  a  Theodolite  adapted  to  it^ 
is  very  expeditious  in  pra^lical  Surveying,  where  too 
great  Exaftnefs  is  not  required ;  feeing  by  it  any  Sur. 
Teyor  will  meafure  a  Parcel  of  Ground  in  Half  the 
Time  that  it  (^  be  done  by  any  other  Inflroment. 
And  though  it  be  objected,  that  in  palling  over  Ant« 
hills  and  Plow-ridges,  the  Diftance  given  by  di^ 
Wheel  is  longer  than  that  given  by  the  Chain,  oca- 
fioned  by  its  paiGng  over  the  Tops  and  Bottoms  of 
fuch  Hills  and  Ridges  ;  this  I'  fay  cannot  be  denied 
to  be  Truth,  for  there  will  be  fome  little  DiiSerence 
between  the  Diftance  given  by  this  Inftrument,  and 
that  given  by  the  Chain;  but  then  of  thefe  two  Mea- 
furcs,  give  me  Leave  to  aik  the  Queftion,  which  of 
them  is  neareft  the  Truth  ?  For  I  efteem  it  a  Matter 
of  Difficulty,  to  gain  the  true  and  exaft  horizontal 
Diftance  between  any  two  Places,  by  meafuring  upon 
the  Surface  of  the  Eirth,  let  the  fame  be  performed 
with  the  utmoft  Care;  for  though  the  Chain  be. free 
from  fome  Objeftions,  which  the  other  Inftrument  is 
liable  to,  yet  what  Perfon  can  pretend  to  lead  a  Chain 
in  that  horizontal  Pofition,  which  is  required  to  make 
a  true  Diftance :  For  the  fwaying  of  the  Chain,  the 
Uncertainty  of  pricking  down  the  Arrows,  and  withal 
the  Variablenefs  of  its  being  ftretched  fo  tight  as  it 
Ihould  be  5  all  thefe  fcera  to  denote  as  much  Uncer- 
tainty 


I 

I 
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raincy^  and  make  it  fubjeA  to  the  fame  Cenfurc  of  Fal- 
libility. 

Having  fufficiently  defcribed  all  the  Parts  of  the  Pe- 
rambulator, I  {hall  in  the  next  Place  (hew  its  Ufe  in 
praftical  Surveying,  which  is  as  follows  : 

Being  well  affured  of  the  Truth  of  your  Inftrument, 
before  you  begin  to  meafure  your  Diftance  obferve  to 
fct  the  three  Hands  or  Indices  to  o,  or  the  Beginning 
of  the  Divifions  of  their  refpefiive  Circles,  and  then 
driving  the  Wheel  right  before  you,  towards  a  deftined 
Station,  you  (for  Example)  looking,  upon  the  Indices^ 
obferve  the  Mile  Index  to  ftand  between  o  and  the 
firft  Mark,  the  Chain  Index  at  its  30th  Divifion,  and 
the  Link  Index  at  o;  the  Diftance  then  gone  over 
by  the  Wheel  is  30  Chains. 

Again,  fuppofe  upon  a  View  the  Mile  Index  ftands 
between  the  1  ft  and  2d  Divifions,  the  Chain  Index  be« 
tween  the  40th  and'  41ft  Divifions,  and  the  Link 
Index  at  its  64th  Divifion  ;  the  Diftance  gone 
over  by  the  Wheel  is  one  Mile,  40  Chains^  and  64 
Links. 

Thus  you  may  meafure  any  Diftance  without  Trou- 
ble or  Difturbance  to  the  Mind,  and  may  meafure  the 
Length  of  a  whole  Day's  Run,  letting  the  Indices  re- 
volve, and  need  not  have  the  Trouble  of  regulating 
them  at  every  new  Station ;  though  I  account  it  very 
fafe  to  regulate  the  Indices  ai  every  Station,  neither 
does  it  take  up  much  Time. 
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S  E  C  T.    m. 

T'he   De/cription    and  Ufe   of  the   ccmmon  or  plain 

Theodolite. 


THIS  Inftnuneot  cooiifteth  of  a  Brafs  Slate,  of  i  j 
or  14  Inches  Diameter,  bat  may  be  made  greater 
or  lefs  at  Pleafure.  The  Limb  t$  divided  into  3^  Dc« 
grees,  each  of  tbefe  Degrees  is  fobdiyided  by  other 
fmaller  Divifions,  which,  by  the  Help  of  Diagonals 
projeAed  between  the  oatermoft  and  innennoft  concen- 
tric Qrdes  drawn  upon  the  Plate^  Angles  may  be  taken 
in  Degrees  and  Minutes.  There  are  two  plain  Sights 
fixed  perpendicular  to  the  Plate ;  and  fome  Thfo. 
dolices  hare  a  Box  and  Needle  £xed  to  the  Plate,  and 
fome  to  the  Index  ;  fo  there  can  but  be  faid  to  be  two 
Sorts  of  plain  Theodolites^  viz.  one  wbofe  Box  is  fixed 
to  the  Pbte,  and  the  other  haying  its  Box  fixed  to  the 
Index. 

There  are  likewife  two  plain  Sights  fixed  to  the 
Index.  On  the  under  Side  of  the  Plate  is  a  Brafe  Bai^ 
made  and  fitted  to  a  Socket  upon  the  Top  of  a  three- 
legg'd  StafF  ;  by  Means  of  which  and  a  Spirit  Leyel> 
the  Inftniment  is  to  be  reduced  to  an  horizomal  Po* 
fition^ 

All  plain  Theodolites  that  are  mod:  ufeful,  have 
cither  the  Box  fixed  to  the  Index,  and  the  Numbers 
on  the  Plate  contrary  to  thofe  in  the  Box  (the  Eye  be- 
ing conceiyed  in  the  Center ;)  or  the  Box  fixed  to  the 
Plate;  and  the  Numbers  in  the  Box  increafe  the  fame 

Way 
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Way  with  thofc  on  thcf  Plate  (the  Eye  being  fuppoTed 
in  tbe  Center ; )  then  a  Protra^r  ^hofe  Nnmbers  in- 
creafe  the. fame  Way  with  thofe  on  the  Place^  will  be 
fit  to  lay  down  both  the  Angles  and  Bearings. 

If  yon  have  a  Theodolite  wb(^e  Box  is  fixed  to  the 
Index^  and  the  Numbers  on  the  Plate  contrary  to  thofe 
in  the  Box ;  then  the  fixed  Sights  mud  always  be  di* 
reded  back  to  the  lad  Station,  and  the  Index  to  the 
next ;  but  if  it  be  a  Theodolite  with  its  Box  fixed  to 
the  Plate  and  the  Numbers  in  the  Box  increafe 
the  fame  Way  with  thofe  on  the  Plate ;  then  the  fixed 
l^hts  mud  always  be  dire6led  to  the  next  Station  and 
the  Index  to  the  lad. 

Alfo  further  obferve,  that  if  the  Beginning  of  the 
Degrees  are  kept  towards  you  when  the  fixed  Sighc^ 
are  direSed,  and  the  Flower-de-luce  towards  you. 
when  the  Index  is  direfted,  then  the  End  of  the  In- 
dex next  you,  will  note  on  the  Limb  the  Angle,  and- 
the  South  End  of  the  Needle  in  the  Box,  will  point 
out  the  Bearing. 

The  further  Ufes  of  this  Inftrument  Ihall  be  here- 
after Chewn^  in  practical  Surveying. 


SECT.    IV. 


The  T^efcription  and  Vfe  of  tbe  new  imprcroed  (or  bejl) 

Theodohte. 


THIS  is  the  mod  complete,  commodious,  and  uni- 
verfally  ufcful  Indrument  now  in  being,    for 

P  p  2  fur. 
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funrcying  and  plotting  of  Ground;  feeing  by  it  all 
Sorts  of  Ground  in  whatever  Situation  the  fame  ihall 
be,  and  though  it  be  ever  fo  hilly  or  uneven,  may  be 
truly  and  accurately  delineated  or  plann'd. 

This  Inftrument  hath  a  vertical  Arch  of  the  fame 
Radius  ^'ith  the  Limb,  and  fixed  perpendicular  to  it ; 
being  accurately  divided  into  180  Degrees,  by  two 
Nineties,  from  the  Vertex  downwards  either  Way. 

On  this  Arch  is  mounted  a  Tclefcope,  with  a  Spirit 
Level  fixed  thereto  at  right  Angles,  to  which  is  ano- 
ther Spirit  Level  in  the  Box ;  by  Means  of  which  per- 
pendicular Levels,  and  four  Screws  playing  between 
two  Brafs  Plates  on  the  Head  of  the  Staff,  the  Inftru- 
mem  is  readily  brought  to  an  horizontal  Level,  that  is, 
the  Plate  of  the  Inflruraent  lies  parallel  to  the  Plane  of 
the  Horizon. 

There  is  an  Index  belonging  to  the  vertical  Arch, 
which  by  Help  of  Tooth  and  Pinion,  is  accurately 
moved  round  the  fame,  and  carries  the  Telefcope 
along  with  it,  fo  that  the  Elevation  or  Depreffion  of 
any  Objcft  above  or  below  the  Horizon  is  readily 
known.  This  Indeic  has  a  Vernier  or  Nonius  to  three 
Minutes ;  fo  that  Angles  of  Elevation  or  Depreffion 
piay  be  taken  to  three  Minutes  of  a  Degree. 

Within  the  Degrees  on  the  vertical  Arch,  are  two 
J^infs  numbered  downwards  with  I  o,  20,  30,  &:c.  to 
1 00,  and  are  cut  by  the  Edge  of  the  Index ;  thefe  fhew 
Ihc  Altitude  or  DepreflioH  of  any  Objeft,  in  the  looth 
Parts  of  the  Diflauce  the  Inftrument  is  placed  at  in 
Tim?  of  Obf^rvation ;  on  the  Right-hand  Side  is  en- 
graved  Elevation,   and  on  the  Left  Depreffion.    By 

thefe 
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thcfe  wc  cftimate  the  Height  of  any  fknding  Tree, 
&c«  Below  thcfe  are  other  Dirifions  cut  by  the  lower 
Edge  of  the  Index,  and  fliew  the  Diflference  between 
the  Hypothenufe  and  Bafe  of  a  right  Angle  Triangle, 
always  fuppding  the  Hypothenufe  to  confift  of  i  oo 
equal  Parts ;  and  confequently  is  given  by  Inf[5eftion 
the  Number  of  Links  to  be  deduced  from  each  Chain's 
Length,  in'meafuring  up  or  down  any  Afcent  or  De- 
fccnt,  in  order  to  reduce  it  to  a  true  horizontal  Dif- 
tance. 

Upon  the  Telefcope  are  fixed  two  plain  Sights, 
which  may  be  ufed  in  Ihort  Diftanccs;  they  are  alfo  ufe- 
inl  in  continuing  the  fame  ftraight  Line  both  Ways 
from  any  Sation. 

.  The  Plate  of  the  Inftrument  is  accurately  divided 
into  3  60  Degrees,  and  cut  by  three  Indices  with  No* 
mtish  Divifions  on  each  and  diftant  from  each  other 
I20* ;  therefore  whatever  Divifion  on  the  Limb,  is 
cut  by  the  Index  under  the  Eye-glafs  of  the  Tele^ 
f^ope,  the  very  fame  will  always  be  found  to  be  cut  by 
the  other  two. 

There  is  in  ibme  Theodolites  another  fmall  Index, 
which  is  made  to  cut  other  particular  Divifions  on  the 
Limb,  ufeful  in  taking  of  Breadths,  when  the  perfpecf 
tive  View  of  any  Houfe  or  Building  is  to  be  taken. 

The  whole  Index  with  the  Box  fixed  thereon,  turns 
round  on  a  conical  Center,  by  Means  of  Tooth  and 
Pinion  without  ftirring  the  Needle;  there  is  alfo  4 
Spring  and  Screw  adapted  to  the  Index,  by  which  it 
may  be  readily  fixed  to  any  Part  of  the  Limb,  and 
Will  thereby  be  fo  fecurcd,  that  there  is  not  the  le^ft 

Danger 
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Dasger  of  its  being  joftkd  out  of  m  Pbce,  vrl^iie  the 
Inftniment  is  cariying  no  anodier  Scataon.  The  fur« 
ther  Ufes  of  this  iDftrumcnt  \riii  be  Jflbewn  hereafter, 

SECT.    V. 
Tie  Defcriftiim  and  Ufi  (f  ihe  Plain  Table, 


THE  Plain  Table  is  an  Indrament  made  of  Ma* 
hogany  or  very  good  Oak,  being  well  dried  and 
fcaftmed  ;  it  is  in  Form,  a  Parallelogram  about  15  In- 
ches long,  and  1 2  Inches  broad  ;  but  may  be  made 
greater  or  lefs,  keeping  nearly  the  fame  Proportion. 

It  has  a  Box-wood  Frame  fitted  to  it,  which  nwy  be 
taken  off  and  put  on  at  Pleafure,  and  by  Means  of 
Joints  may  be  folded  up  and  put  in  the  Pocket,  for 
Convenience  of  Carriage. 

The  Frame  ferves  to  hold  on  the  Paper,  when  the 
Table  is  covered  therewith,  keeping  down  the  Edges 
fo  tight  and  clofe,  that  Schemes  or  Draughts  may  be 
drawn  thereon. 

On  each  Side  of  this  Frame  are  Scales  of  Inches, 
each  divided  into  10  equal  Parts,  and  properly  numr 
bred,  whofe  Ufes  arc  for  the  ready  and  quick  drawing 
of  parallel  Lines  upon  the  Paper,  and  for  ihifting  the 
Papier  when  Occafion  requires  ir. 

One  Side  or  Edge  of  this  Frame  is  divided  into  360 
Degrees,  from  a  Brafs  Center  in  the  Middle  of  the 

Table 
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Table ;  and  when  put  upwards^  refembles  the  Limb 
of  a  Theodolite,  The  other  Side  or  Edge  is  divided 
into  180%  each  Degree  being  lubdivided  into  fmaller 
Divifions  (like  thofe  on  the  other  Side  the  Frame)  ac- 
cording to  the  Magnitude  of  the  Inftrumedt,  and  fup- 
plies  the  Placeof  aa  Indruffiea^caUed  »  Semi-circle ;  il)c 
Center  of  this,  is  a  finall  Hole  exaflly  in ,  the  Middle 
between  the  two  Ends  of  the  Tabic,  and  about  a 
fourth  Part  of  the  Breadth  from  one  of  its  Sides  or 
Edges. 

There  is  a  Box  and  Needle  annexed  to  the  Side  of 
the  Table,  whofe  UTcs  are  to  take  the  Bearings,  from 
the  Meridian,  when  it  is  ufedas.a  Theodolite,  and  to 
find  a  Meridian  Lihe^  when  it  is  ,ufed  as  a  Plain 
Table. 

*  *  > 

There  is  a  Brafs  Index  belonging  this  Inftruraent, 

whofe  Length  fomewhat  exceeds  the  Diagonal  of  the 

Table,  flopcd  away  on  one  of  its  Sides  fike  a  Gunterh 

Scale,  which  is  commonly  called  the  Fiducial  Edge :  It 

has  two  Sights  (one  at  each  End),  which  (land  perpea** 

dicular  to  it,   being  both  of  the  lame  Height,  and  fb 

placed,  that  the  vertical  Hair  (hall  be  parallel  to,  or  in 

the  fame  Line  with  the  Fiducial  Edge.    On  the  upper 

Side  of  the  Index  are  Scales  of  equal  Parts,  Diagonal 
Scales,  and  a  Scale'  of  Chords. 

This  Inftrument  Ddoves  upon  a  three-Iegg'd  Staff,  by 

Means  of  a  Ball  and  Socket,  by  which  it  may  be  placed 

in  any  Pdfition  without  removing  the  Legs^    Its  further 

Ufes  will  be  fhewn  hereafter,   when  we  come  to  treat 

of  Surveying  by  the  Plain  Tabic. 

SECT. 
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SECT.    VL 

« 

The  DefcriptiBn  and  XJfe  £/"  Protractors. 


THERE  arc  fe?eral  Sorts  of  Protraftors  ufcd  by 
Surveyors  in  laying  down  the  Angles  of  a  Sur- 
vey; as 

1.  The  Semircircular  Protraftor ;  which  is,  according 
as  its  Name  imports^  a  Semi-circular  Plate  of  Brafs,  of 
6  or  8  Inches  diameter  (that  being  a  fuitable  Size  for 
protrafting  a  Survey  by,)  whofe  Limb  is  divided  into 
1 8o  Degrees,  and  numbered  both  Ways  with  i  o,  20, 
30,  &c.  to  180,  each  of  thefe  Degrfees  is  halved,  or 
divided  in  two.  In  the  Middle  of  its  Diameter  is  a 
fmall  Mark,  which  is  the  Center  of  the  Protraftor,  and 
muft  always  be  laid  to  the  Angle  Point. 

2.  The  Circular  Protraftor  is  much  more  ufeful 
than  the  femi-circular  One,  in  protrafting  of  Angles. 
Its  outfide  Edge  or  Limb  is  divided  into  360  Degrees, 
like  the  Limb  of  a  Theodolite,  and  numbered  with  lO/ 
20,  30,  &c.  to  360;  each  Degree  is  fubdivided  into 
Halves,  if  the  Size  of  the  Inftruraent  will  admit  of  it- 
la  the  Middle  of  its  Diameter  is  a  fmall  Mark,  which 
muft  be  laid  to  the  Angle  Point,  when  an  Angle  is  to 
be  pro t rafted ;  and  the  Diameter  (reprefenting  a  Me- 
ridian) muft  be  laid  upon  the  Meridian  Line  of  any 
Plan,  when  the  Bearing  of  any  Objeft  is  to  be  laid 
down. 

All  the  Parts  of  this  Inftrument  being  fo  plain^  and 

its 
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jcs  ApplicattoQ  fb  fimple  and  eafy,  'tis  needidrs  to  iky 
more  thereof. 

3.  The  Round  Protraftor  with  open  Center  and  a 
Nonius^  is  the  beft  and  moft  ufeful  of  all  Protractors ; 
it  hath  its  Limb  circular,  and  accurately  divided  mto 
360  Degrees,  and  made  to  number  each  Way,  with 
10,  20,  30,  &c  to  360.  It  has  an  Index  jirith  a  -Ni- 
nius  thereto  to  three  Minutes  of  a  Degree,  which 
moves  round  the  Limb  of  the  Protraftor  upon  an  open 
conical  Center;  that  Part  of  the  Index  beyond  the 
Limb,  has  a  Steel  Point  fixed  at  the  End,  whofe  Ufc 
is  to  prick  off  Angles,  being  in  a  dircft  Line  with  the 
Center  of  the  Prdrraftor  and  the  Beginning  of  the  I^- 
Vifions  of  the  Nonius.  One  of  thefe  Protradors  I  had 
-from  Mr  Ben.  Cole^  Mathematical  Inftrument  Maker^ 
at  the  Orrery,  No.  1 3  6,  in  Fleet-ftreety  London  j  but 
perceiving  that  there  might  be  fome  Improvement 
made  therein}  I  returned  the  Inftrument,  and  ordered 
him  to  open  that  Part  of  the  Index  beyond  the  Limb, 
and  to  make  a  fiducial  Edge,  exaftly  to  anfwer  the  Cen* 
ter  of  the  Protraftor  and  the  Steel  protrafting  Point, 
which  he  performed  very  accurately.  The  Reafon  af- 
figned  for  this  Alteration  is,  that  whereas  it  frequently 
happens  in  protraftingof  fevcral  Bearings  from  one  Cen- 
ter, that  there  will  be.  fome  Points  falling  fo  near  each 
other  upon  the  Paper,  that  it  is  difficult  to  diftinguifh 
which  is  which,  when  the  Bearings  arc  all  prick'd 
down  by  the  Steel  Point  above  defcribed,  therefore  to 
prevent  Confufion,  I  would  advife  in  fuch  like  Cafes 
to  point  off  the  Bearings  by  the  fiducial  Edge  of  iheLi* 

Q^q  doc 
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TAc  TDefcription  and  Ufcrf  the  S£  c  to  ii< 


THE  SeAor  is  an  Inftrument  of  fuch  exQaordmaiy 
Ufe  in  the  feveral  Branches  of  the  Machema- 
jnacics^  that  to  pafs  it  oyer  m  Silence,  without  a  Word 
or  two  in  its  Behalf^  would  be  an  Injury  done  to  its 
Cbara£ler 

This  Indrnment  has  its  Original  from  the  4*  Euc.  6. 
viz.  that  Equiangular  Triangles  are  iimilar. 

It  confifteth  of  two  Parts  moving  on  a  Joint  like  a 
Carpenter's  Rule,  and  is  made  of  Silver,  Brafs,  Ivory, 
pr  Wood,  being  in  Length  6,  9,  or  12  Inches.  The 
Lines  ufed  Seftor-wife  upon  the  Face  of  this  Inftru* 
mcnt,  are  the  Line  of  Lines^  or  Line  of  equal  Parts 
and  is  numbered  i,  2,  3,  &c.  to  10,  and  marked 
with  LL  :  the  I  may  ftand  for  1 00,  and  if  fo,  the  2 
will  be  200,  the  3  will  be  300,  the  4  will  be  400, 
&c.  but  if  the  i  ftand  for  1000,  the  2  will  be  2000^ 
the  3  will  be  3000,  &c.  or  if  the  i  be  i  Tenth,  the  2 
will  be  2  Tenths,  the  3  will  be  3  Tenths,  &c.  Next 
to  this  Line  is  a  Line  of  Chords  flowing  from  the  Cen- 
ter,  and  numbered  with  10,  20,  30,  &:c.  to  60, 
where  is  placed  a  Brafs  Point.    The  Chord  of  60  •  be- 

ing 


I 

i 


ing  the.  Radios  of  every  Circle^   is  equd  to  a  Sine  of 
j^Q%  or  a  Taagcnt  of  45%  and  is  jnarkcd  C />  (?. 

On  the  other  Face  of  the  Sedor  is  a  Line  of  nam* 
ral  Sines  ifluing  from  the  Center,  numbered  so,  ^^o, 
30,  &c.  to  90,  and  marked  at  the  End  with  SS. 
Next  to  this  are  two  Lines  of  natural  1  angents  flowing 
from  the  Center,  the  one  is  numbered  10,  20,  30,  &c 
to  45,  and  marked  TT  at  the  End  :  between  this  and 
the  Line  of  Sines,  is  a  Line  of  iefler  Tangents,  iiTuing 
from  two  Brafs  Centers,  which  begin  to  niamber  at  45, 
and  fo  increafes  to  50,  60,  and  75,  where  it  is  marked 
ttf  and  fupplies  the  Place  of  the  greater  Tangents, 
when  the  Angle  is  above  45  * . 

On  the  fame  Face  of  the  Seftor  with  the  Line  of 
Chords,  is  the  Line  of  natural  Secants,  flowing  from 
two  Brafs  Centers,  between  the  Chords  and  the  Line 
of  Lines,  and  numbered  20,  30,  40,  50,  60,  and  75, 
and  marked  with  ss,  Thefe  Chords,  Sines,  Tangents, 
and  Secants  are  all  projefled  from  the  fame  Radius  of  a 
Circle.  There  are  feyeral  other  Lines  placed  upon  the 
Se&or^  which  not  being  ufcful  in  Surveying,  fliall  be 
pafled  over  in  Silence. 

The  Line  of  Lines  is  ufeful  in  reducing  of  Plans  ac- 
cording to  any  Proportion,  and  hence  any  Plan  may  be 
enlarged  or  diminiflxed  at  Pleafure.  It  alfo  ferveth 
Xo  divide  a  Line  into  any  propofed  Number  of  equal 
Parts ;  to  find  the  Proportion  between  two  or  more 
given  Lines ;  two  Lines  being  given  to  find  a  third  in 
Proponion  to  them;  to  find  a  mean  Proportion,  between 
any  two  given  Lines ;  and  laftly,  to  divide  a  Line  in 
fuch  Manner  as  any  other  given  Line  is  divided* 

The 
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The  Lines  of  Chords^  Sines,  Tangents,  and  Se- 
cants are  ufeful  in  laying  down  plain  Adgles,  and  alfo 
in  projefting  the  Circles  of  the  Sphere,  as  hath  been 
heretofore  fhewn. 


SECT.    IX. 

The  ^efcription  andUfe  of  the  Parallel  Huler. 


THE  Parallel  Ruler  is  made  of  BraCs,  Ivory,  or 
Wood;    in  Length  from  4I  Inches  10  36.    It 

conGfleth  of  two  Rulers  connefted  together  by  two  mc«' 
tal  Bars,  which  move  round  the  Rivets  that  faften  their 
Ends ;  thefe  Bars  are  placed  in  fuch  a  Manner^  as  to 
have  the  lame  Inclination  to  each  Ruler,  fo  will  they 
be  parallel  to  each  other  at  every  Diftance,  as  alfo  will 
the  Rulers  to  whatever  Extent  they  open. 

But  thofe  Parallel  Rulers  are  the  beft,  whofe  Bars 
crofs  each  other,  and  move  on  a  Joint  at  their  Inter- 
fe£lion.  One  End  of  each  Bar  moves  on  a  Center,  and 
the  other  End  Aides  on  Grooves  as  the  Rulers  receed. 

This  Inftrument  is  ufeful  in  refolvlag  feveral  geo- 
metrical Problems^  as  alfo  in  delineating  the  Lines  of  ^ 
Survey. 


BOOK 
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BOOK   vni. 

Surveying  and  Plotting  of  Ground^  by  the  Chain 
Plain  Table,   J»rf  Theodolite. 


•  ^ 


Surveying  of  Lalid,  is  the  Method  of  computing 
the  true  Content  or  Area  of  any  Parcel  of  Ground  ,* 
It  alfo  laycth  down  Rules  and  Precepts,  for  planning, 
or  reprefcnting  in  Miniature,  any  Part  or  Portion  of 
the  terraqueous  Globe. 


SECT.    I. 

Surveying  and  plotting  of  Ground  by  the  Chain. 


Prop,    I. 

^0  find  the  Area  of  any  Inclofiire  ABCDEFG, 
v)hofe  fkdffs  are  ftraight.    (Fig.  i.) 

Rule. 

Set  up  Marks  or  Station-ftaves  at  every  Comer  of 
the  Field,  then  the  Field  being  divided  into  Tri- 
angles or  Trapeziums,  or  both,  begin  at  y/,  and  mca- 
fure  the  Bafe  AC,  as  alio  the  Perpendicular  Ba  :  in 
like  Manner  raeafure  the  Diagonal  AD^  and  two  Per- 
pendiculars G  bfCc.  Thus  meafure  all  the  remaining 
Bafes,  Diagonals,  and  Perpendiculars,  that  is,  take 
cheir  Dimenfions  as  above  direded.  Then  find  the 
Area  of  each  Triangle,  by  Prob.  27*  B.  IL  aqdof 

each  Trapezium^  by  Prob.  2  8. 

Nifte, 
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Note^  To  let  fall  Perpendiculars  in  the  Field,  ufc  an 
Inftrument  called  a  Crofs. 

A  Specimen  of  the  Field-book  belonging  Soryejrs  of 
this  Kind,  is  as  follows;  in  which,  the  firft  Cobmn  on 
the  left  Hand  contains  the  Perpendiculars  on  the  Left 
of  the  Bafes  or  Diagonals  ;  the  fecond  Column  contains 
the  Bafes  or  Diagonals ;  the  third  the  Perpendiculars 
on  the  Right  of  the  Bafes  or  Diagonals ;  the  fourth  the 
Multipliers,  and  the  fifth  the  double  Areas. 

TiStf  FIELD    BOOK. 


Perpen- 
diculars. 

Diagonals 
or  Bafes. 

Perpen- 
diculars. 

Muiciplt- 
ers. 

Doable  Areas. 

B    102 

C  250 
E  320 

I  (A) 

0 

405 
790 

378  G 

170  F 

_ 

790  X  102 

378  +  250 
X870    ' 

820  X  220 
615  X  170 

80580 

546360 

180400 
104550 

2(A) 

0 

732 
870 

3  W 
0 

250 

820 

^(0) 

0 

290 

615 

clofe  here. 

91 1890  S3 

double  Area. 

This  9 II 890  being  reduced  by  the  latter  Part  of 
Rule  2,  in  Prob.  22,  B.  II.  is  =  4  .^.  2  r.  9-5120^. 
=  Area  of  the  given  Field.    Fig.  i.  Paop. 
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J  P  R  O  P.     II. 

^ojind  the  Number  ef  Acre^Sy  ^c.  in  any  Jj^chfure 
ABCDEF,  whofe  Hedges  contain  feveral  Mendings  or 
Curves.    Fig.  a. 

R   P    L   E. 

Plac?  ^  S^tioD-fitaff  a  little  diftant  from  the  feveral 
Corners  A,  B\  C,  &c.  of  the  Field.  Then  find  the 
Area  of  the  Part  contained  between  the  traverfe  Lines 
and  the  Hedges,  by  Prop.  44.  B.  IL  alfo  find  by  the 
laft  Prop,  the  Area  of  the  tart  contained  within  the 
traverfe  Lines ;  thefe  two  Areas  added  together,  will 
give  the  Are^  of  the  whole  Field.  Biit  you  muft  ob^ 
ferve,  that  at  every  Comer  you  have  a  fmall  Square  or 
fSrallelogram,  whofe  Area  may  be  eafily  obtained,  by 
multiplying  the  laft  and  firft  Offsets  together,  all  round 
the  Field;  as  for  Example,  at  the  Corner  B  is  a  little 
-Parallelograpa,  whofe  Breadth  may  be  faid  to  be  =  25 
as  Ofiset  at  445  in  O  T,  and  its  Length  30  =  Offset 
.  at  o  in  ©  2  ;  thefe  Dimeqfions  infert  in  your  Field 
Book,  according  to  t)ic  Form  hereafter  prefcribed, 
whofe  double  Area  being  found,  and  added  to  the 
Reft,  will  give  the  double  Area  of  the  Whole. 

Notcy  The  Offsets  are  moft  commodioufly  mcafured 
with  the  Oflsct-ftaff^  before  dcfcribed,  in  the  Defcrip- 
tjon  and  Ufe  pf  the  Chain. 
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oz 


OJ 


Cower  {3J 


OA 


Cor-131 


6>^- 


e?/< 


Cor. 


J.30 

Us 


^/- 


?-  [f., 


O.L. 


1 


©L. 


0  I  in 
Q 

445 


0  X  in 

o 

375 
44a 


0  3  in 

o 
30 
180 
363 


041° 

p 

300 

420 


O.R. 


M. 


0  5  in 
o 

»55 

300 


06in 

o 

435 

550 

To  01 


50 

4* 
»S 

Ditto. 

50 
30 

Ditto. 

30 

35 

30 

3a 
Ditto. 

38 

55 

BO 

Ditto. 
30 

69 

30 

Ditto. 

45 
40 
3« 


60x25 
375  X  73 
170X67 


4OX30 

375  ^  So 
167  X  70 


64X38 

20x55 

160X65 

183  X  6a 


D.A. 


200  X 

220  X 

65 

9ft  X  30 
155X90 

«45X90 

60  X 
435  X 
115  X 

carried 

over 

1506 
19800 

11390 


32690 

800 

22000 
XI 690 

67x80 

1792 

IXOO 

X0400 

1 1 284 


7^ 


9x756 

12600 

14300 


I I 8656 

2700 
>3950 
13050 


2280 

36975 
8970 


19^558 1 


P( 
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ios 


0.  L. 
Ret.  to 


Ta0j 


To©i 


©i. 


M. 


410 


0  ab 

o 

4S0 
676 
746 

To04 


Ditto. 

i48t0Qj 

746X558 


Ret.  to|  0  3  in 

o 


i^o 


318 
740 

755 
ITo06 


Ditto. 


294 


755X614 
IXo0  5 


D.A. 


1 


613849 
463570 


1076419 
s5acr«ir.  31*1353^ 
S3  the  Area. 


Note,  On  the  T<^  of  the  Cobmns  in  the  Field 
Book,  Qlr  (ignifieth  Station-lioes ;  O.  R  ^  Offiets 
Right;  0.£ -Offsets Left;  Af- Multipliers;  D.A 
—  Doable  Areas,    Fig.  2. 

F  K  o  p.  nt 

To  tah  the  QMtttity  of  mrf  Angle  BAC    Fie.  t,  4, 5. 

Rule. 

Let  nA^  B,  C  denote  three  Stations  in  a  Field. 
Hdd  one  End  of  the  Chain  at  A,  and  direft  yodr 
Afiftant  to  {dace  the  other  End  at  2)  and  £  fuccef- 
fireljr^  where  he  muft  ftidc  two  very  ftraight  Staves, 
ib  as  to  be  in  a  dire^^Xine  with  the  Station-ftares  A, 
S,  and  C;  meafure  the  Diftmce  between  the  Sticks 
IDp  E,  which  will  be  the  Quantiqr  of  the  Angle.    But 

Kt  i  if 
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if  the  A^Ie  be  greater  than  a  Sextant  (or  60  De- . 
grees^)  take  it  at  two^  three,  or  more  Times,  as  you 
find  it  moil  convenient.  .  .If  the  Angle  exceed  a  Semi- 
circle, annex  the  Mark  -^  to  the  Quantity  found 
as  above;  but  if  it  be  lefs  than  a  Semi-circle,  prefix 
the  Mark -i:!.  When  the  Angle  to  be  taken  is  greater 
than  a  Semi-cifcle,  it  is  befl:  to  take  its  Supplement,  * 
and  prefix  the  Mark  .^^i.  as  above. 

The  Method  ot  exprcfling  the  Quantity,  of  an  An- 
gle,  is  thus ; 

Radius      ioo>  =  The  Meafure  of  the  Angle  BjiC^ 

-crii  Chord  80  5      Fjg.  3. 

Radius  100^  ^  ^pj^^  ^^^f^^^  ^f  ^^^  ^^gj^ 

-:ii  Chord  P""  C  BAG.    Fig.  4, 

3  75.  3 
Radius  I  oo"^ 

^70,  I  =  The  Meafure  of  the  Angle 
T^  ChordsC  85 '  >  BAG.    Fig.  5. 
3100J 

Prop.   IV. 

• 

To  protraQ  or  lay  down  any  Angle  BAC,  having  the 
Radius.  AD,  atid  the  Chords  DE,  EF,  and^G  given. 
Fig.  5. 

Rule. 

•  •      »   • 

Draw  ^B  at  Pleafure.    With  the  Radius  ^^,  and 
one  Foot  of  the  Compaffes  on  the  Angle  Point  ^, 
defcribe  the  Arch2)£(?;  fet  the  Chords  ©£,  EF,  ' 
and  FG  fcTcrally  upon  the  Arch,  from  D  to  JB,  from 
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E  to  Ff  and  from  F  to  G.    Through  G  draw^a  Line 
JIC,  fo  will  £^C  be  the  Angle  rcqtiiitd.     '^ 


.... 
Jo  take  the  Plot  of  a  I^eld  ABCDEYG. 

*        » 
9 

Take  the  Angles  at  the  fcveral  Stations,  by^Prop.  3, 
and  meafure  the  Diftances  and  Offsets  by  Prop,  2^ 
^hich  enter  in  a  Field  Book,  according  to  the  Form 
hereafter  following- 


X  •*. 


ne    FIELD    BOOK. 


R^EMARKS. 

0. 

fel. 

:  a. 

RElNfARKS. 

0  I  In 

Hodge 

Glofe. ' 

R. 

00  . 

1 

C. 

oo' 
'  0 

i 
'28 

• 
I 

;i6o 

.  30 

V              * 

240 

20  - 

V                               ♦ 

375 

'39 

» 

Ditto. 

••        •    ■  % 

0  2  in 

. 

, 

R. 

|IOO 

( 70 

• 

"^ 

c\ 

90 

. 

85 

. 

Q 

.45 

« 

% 

io 

i         « 

« 

87^ 

j40" 

1 

I 

I 
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Tie   FIELD   BOOK. 


REMARKS. 


0.    {REMARKS. 


r  a.  \t   A 


••*■*  .. 


tit 
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t^ 


ibt    FI£LJ>   SOQJL 


REMARKS, 

«             f                             • 

0. 

• 

^L. 

0. 

REMARKS. 

J 

0f  o> 

Diuo, 

R. 

109 

0 

r.<i 

95 

• 

w 

^  6 

lOO 

' 

c 

88 

' 

.  9 

Fi«.  & 

46 

30 

Clofe  Hodge 

Clofe  at  0  (. 

7i  iay  4pwn  tb^  Plan. 

Draw  a  Line  t^  2^  uppn  which  fet  off  the  DifUocef 
160,  240,  and  3 75,  as  taken  from  the  Field  BqcJc; 
At  0  (or  th.e  Statipn)  fet  off  an  Qfiet  s  in: 
Length  (028;  at  1 60  lay  down  an  Offiet  of  20 ;  and 
becaufe  the  Offsets  ftand  in  the  right  Hand  Gdunin  of 
jour  Field  Book,  fet  them  off  on  the  right  Hand  Side 
pi  the  traverfe  Line  i  2  ;  at  375  prick  down  ai)  Off- 
fet  of  30  to  the  Right,  for  the  Reafcm  juft  now  gtTei|» 
Through  thefe  Points  draw  a  Line  AB^  for  one  Side 
or  Hedge  of  the  Field*  At  ®  ?  I97  down  the  Angle 
by  Prop.  3,  and  fet  off  the  Diftances  and  Ofiseta  as  be? 
fore,  thus  proceed  at  every  Station,  and  you  will  havf 
f.  true  Flan. 

Note^  In  laying  down  (he  Angles,  I  would  recom?* 
ipend  the  Ufe  of  a  larger  Scalc^  than  the  other  Part  of 
M^c  Work  is  perform'd  by, 
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•   » 


• 


S  E  Q  T.    IL 

Surveying  and  Phtting  of  the  6  &  o  u  n  d    by  the 

Plain  Tab  l  e. 


P  K  o  p.    VI. 

To  take  the  Plot  of  a  Field  ABCDE,  from  one  Sta- 
tion 0  at  qr  near  (be  A£d(Ue  tbefeif.     Fig.  7. 

Rule..  Fip.  8. 

1'  ET  t&TF  reprcfent  the  Plain  Tabic  covered 
4  ^ith  a  Sheet  of  Paper,  on  which  the  Plan  of  the 
Field  is  to  be  dravm.  Set  up  and  level  your  Inftru- 
'  ment  at  0;  (7)  and  move  the  Table  about,  'till  the 
South  Point  of  the  Needle  hang  over  the  Flower-de- 
luce  (or  360)  in  the  Box.  Faften  the  Table  in  Hiis 
Pofition,  and  draw  a  Line  Fp  (8)  parallel  to  one  of 
its  Sides  SV  or  RT^  for  a  Meridian  Line  to  the  Plan. 
Then  chufe  fome  Point  0  upon  the  Paper,  which  muft 
denote  the  Station  0,  (7)  where  the  Inf^rumcnt  is 
ftaiiding  in  the  Fi^Id ;  upon  Q  (8)  as  a  Center^  move 
the  fiducial  Edge  oif  the  Index,  'till  through  the 
Sights  you  obfcrve  the  Marks  or  Comers  ji^  By  C, 
35,  jE,  (7)  and  clofc  by  its  lEdgc  draw  the  Lines  0  ^, 

9  A 
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OB,  QC,  02>,  O  E  (8)  of  any  fufficient  Length. 
Then  meafare  the  Diftances  from  the  Inftrament  at 
O,  (7)  to  the  feveral  Marks,  ^,  B,  C,  D,  JB,  which 
fet  upon  the  Lines  ©  ^,  0  ^,  O  C,  0  'D,  ©  E, 
(8)  from  ©  to  ^,  B,  C,  2>,  E.  Laftly,  join  thefo 
Points  by  drawing  the  Lines  ^B,  BC,  CD,  2>£,  E^, 
which  will  complcat  the  Plan  ^BCDE,  every  Way 
proportional  and  fimilar  to  the  given  Field.    Fig.  7,  8. 

V 

Prop.    VIL 

To  take  the  Plot  of  a  Field  GIBD,  from  feveral  Sta- 
tions taken  therein.    Fig.  9,.  10,    - 

Rule. 

Stt  up  your  Plain  Table  at  ©  i,  (9)  and  projeft 
the  Pirt  ^BCD,  together  with  ©  2,  by  Prop^  6. 
Then  remove  your  Inftrument  to  ©  2,  lay  the  Fidu- 
cial Edge  of  the  Index  along  the  Line  i  2,  (10)  and 
rem  the  Table  this  Way  or  that  Way,  'till  the  verti- 
cal Hair  cleave  the  Objcft  at  ©  2 ;  faften  the  Inftru- 
nicnc  io  that  Dire^ion,  and  on  ©  2  (10)  as  a  Center 
move  the  Index,  and  project  as  before^  the  remain- 
ing Part  of  the  Field  HIKEFG,  (9). 

p  K  o  p.  vm. 

To  take  the  Plot  of  feveral  Fields  lying  together^ 
from  Stations  taken  therein.    Fig.  11^    12. 

Rule. 

Level  your  Plain  Table  at  0  i,  (ii)  tod  take  the 

S  3  riot 
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Plot  of  the  Field  ^»  by  Pirop.  6.  Then  tak6  the  H« 
of  the  other  Ficfch  B,  €,  2>,  £,  by  Prop.  7 ;  fo  win 
^,  B,  C,  !D,  £  (1 2j  be  the  Hans  of  the  Fields  ^, 
B,  Gy  D,  E  (i  1.) 

Prop.   IX. 

ft  /di^.  <A^  jP/fJf  of  d  large  Field  ot  Pajlure  ABCD. 
FiG. 13 

Rule. 

Divide  the  field  or  pafture  into  the  Parts  E,  F,  G, 
H,  Ij  Ky  Ly  M;  thefe  confidered  as  fo  many  diffe- 
rent Fields,  may  be  plotted  as  fuch  by  the  laft  Prop. 

P    R    O    l».      X. 

To  taie  the  Plot  of  a  Field  ABODEF,  by  gotng 
round  the  fame.    Fig.  14,  15. 

Rule. 

Set  up  Marks  a  little  diftant  from  the  Hedges, 
IKrhich  mud  be  called  Stations.  Then  beginning  the 
Survey  at  Q  ^>  (h)  adjufl  the  Inftrument,  and  draw 
the  Meridian  P/,  (15)  by  Prop.  6.    Chufe  any  Point 

0  I  for  your  firft  Station,  and  draw  the  travcrfe  Line 

1  2.  Remove  your  Inftrument  to  ©  2  (14)  in  the 
FieW,  arid  lay  down  the  Diftanccs  and  Qflfeets  as  mea- 
fured  between  the  firft  and  fecond  Stations,  and  draw 
the  Hedge  jiB  (15;.  Then  lay  the  Fiducial  Edge 
of  the  Index  on  the  Line  i  2,  and  turning  the  1  a- 
bje  about,   turn  back  the  Sights  to  0  r,  (14)  and  ftf- 

ten 


ten  it  by  Mc^nj  of  a  Screw  >yhigh  plays  in  the  Socket; 
then  moving  the  Edge  of  the  Index  on  ©  2,  (15)  di- 
reft  the  Sights  to  G  3  (14)  in  the  Fieid  and  draw  the 
Line  2  3  (15)  upon  the  Paper.  Meafure  the  Dif- 
tances  and  OSets  between  the  fecond  and  third  Sta* 
tions  in  the  Field,  which  being  l^id  down  upon  the 
Line  2  3,  (15)  the  Hed^e  BP  may  be  drawn.  Thus 
proceed  at  every  Statipn  in  the  Field,  by  which  a  true 

Plan  will  be  obtained. 

Ypu  muft  have  a  Field  filopk,  tn  which  to  infert  in 
a  fair,  regular,  and  formal  Methpd,  the  feveral  Dif- 
tances  and  Offsds,  vrith  oAera*emarkable  Occurences 
which  may  happen  during  the  Coijirfe  of  the  Survey. 
A  Specimen  of  which  you  have  as  follows. 

Note^  when  tbe  Inftrumeat  wgs  (landing  at  O  6, 
(14)  and  the  Index  dirjcfted  forward  to  O  i  (where 
you  begufl  die  ^orv!py}  the  Edge  tjhereof  would  fall  or 
lie  upon  O  i  (15)  on  the  Paper,  at  the  fame  Diftance 
as  meafurcd  in  the  Field,  if  the  Work  was  right, 
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In  Ditto. 
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20 

Comer. 

©6 

In  Ditto. 

0 

18 

29 

Corner.     Clofe 

« 

to.  ©  I. 

r 

here. 

p 

HOP. 

X 

L 

To  take  tie  Plot  ofjeveral  Fields  A,  B,  C,  D,  E,  F, 
by  Circulation.    Fig.  16,  17. 

I 

Rule. 

Take  the  Plot  of  the  Field  ^,  by  Prop,  i  o ;  then 
return  to  0  2,  (17)  where  fet  up  your  Plain  Tabic, 
lay  the  Fiducial  Edge  of  the  Index  on  the  Station- 
line  I  2,  (16)  and  cake  a  Back-fight  to  O  i,  (17)  that 
being  the  Station  immediately  preceding  that  you  are 
at,  (as  I  always  make  it  cuftomary  at  my  Return  to  any 
Station^  to  take  a  Back-fight  to  the  next  preceding  Sta- 
tion) 


I 

1 
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tion)   then  the  Table  being  fecnred  in  that  PoGtion, 

on  ©  2  (16)  as  a  Center,  diredthe  Sights  to  ©5,  (17) 

and  draw  the  traverfe  Line  2  5  (16)  which  make  = 

Diftance  meafured  on  the  Ground.    Thus  -proceed  nc 

©  6,  (17)   which  make  =  Dii^tance  meafured  oa  the 

Ground.    Thus  proceed  at  ©  6,  (17)  and  if  when  the 

Index  is  dircfted  to  the  clofing  ©  3,  (17)  its  Edge  juft 

touch  ©  3  (16)  on  the  Table,  your  Work  clofes,  and 

you  are  fare  ci  being  ib  far  SLight    The  Diftances 

and  Offsets  are  to  be  meafured  and  delineated^  ds  ia 

the  foregoing  FicM  ^ ;  after  which  take  the  Plot  of 

the  remaining  Fields  C,  7>,  E,  F,  in  the  very  fame 

Manner  as  before.    See  the  Fieki  SooL 
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REMARKS. 

0. 

©I. 

Q. 

REMARKS. 
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012 

0 

In£ 
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25 

15 
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To  Q  7  in  the  open  Field, 

Ofjhifting  the  Papers. 

In  the  PrafUce  of  Sarve^ing  it  ahnoft  frequently 
faappencth,  that'  the  Whole:  of  the  Survey  cannot  be 
coatamed  within  the  Compafs  of  one  Sheet  of  Paper  j 
when  this  is  the  Cafe,  there  is  no  other  Remedy  but 
taking  off  one  Sheet,  and  putting  on  another,  which  is 
performed  after  the  Method  i^ow  to  be  explained  in 
the  following  Example. 

Example. 

Let  jiFGL  be  a  Field  to  be  plotted,  the  Plan  of 
which  cannot  be  contained  on  -one  Sheet  of  Paper.  F.  1 8» 

To  illuftratc  this,  wc  will  fiippofe  vrf5,  EC,  CE, 
EF,  FG,  GI,  IK,  KL,  L^  to  be  all  traterfe  Line$. 
Then  bcgra  at  the  Station  ^  and  by  Prop.  10,  work 
forwards  to  B  and  Cj  but  in  going  further  towards  JS, 

you 


Soft  IL      SvAvjByiNG  ijf  tbeVhhi^  Tab]lc«  r   pj^, 

you  find  the  travcrfc  Line  goes  off  the  Table  ar  IDf 
where  make  a  particular  Mark.  Then  return  to  the[ 
Station  ./df  agaiq,  and  work  about  the  the  contrary  Way. 
to  L,  K^  and  /;  but  in  laying  down  the  the  next  Dif-* 
tance  IG,  the  Line  is  found  to  go  off  the  Table  a;  at 
H,  where  make  a  Mark  as :  before  upoQ  the  Papery 
and  alfo  be  ifure  to  leave  another  in.  tbe  Ground^ 
li^hich  you  mufl:  dp  at  the  other  Place  2>V  This  done 
take  off  your  Paper,  and  put  a  new  Sheet  on  the  Ta*- 
.blc,  on  which  lay  the  taken-off  Sheet  towards  the  con<« 
trary  End  of  the  Table,  by  which  you  may  ealily  pro- 
jeA  two  Lines  VDE,  HG,  which  will  be  in  the  fame 
true  Direftion  with  CD  and  IH,  before  kid  dowa: 
Then  fixing  the  Inflruilient  at  either  of  the  Marks  .2>^ 
H  in  the  Ground,  perform  the  remaining  P^rt  of  .the 
Work  as  you  have  done  in  that  which  went  before- 
Fig,  10.      . 

The  Plain  Table  may  be  ufed  as  a  Theodolite  or 
Semi-circle,  by  making  Ufe  of  the  Graduations  on 
the  t'ramc,  and  tlien  the  Angles  arc  taken  id  Degrees 
and  Minutes,  which  afterwards  may  be  laid  down  upon 
Paper,  by  pricking 'off  the  Degrees;  &c.  fr6m"l!Tc 
Limb  of  a  good  Prottaflor  :  the  Method  of  doing 
which  will  be  fully  (hewn  in  the  next  Seftiott;  where 
the  Ufe  of  the  Theodolite  will  bedifplayed  in  every 
Part.  But  indeed  the  Plain  Tables  fs  not  an  Inftrument 
at  all  fit  to  ufe  as  a  Theodolite,  for  no  Accuracy 
can  be  expefted'from  it;  therefore  I  would  not  by  ttjr 
Means  recommend  its  Ufe,  any  otherwife  than  coverei 
with  a  Sheet  of  Paper. 

But  all  the  Methods  of  Surveying  by  the  Plain  Ta- 
ble hitherto  given,    arc  at  the  beft  but  tedious  and 

T  t  '    trouble. 


§i^  S^nvBjiisa  tf  lAe  Ta£^BOLiT£.  BdokVIU 

troublefeme  {tfyexMlj  In  large  Sonreys  where  Ntim« 
Wrs  of  Stations  ^e  coticemM',  and  where  there  is  fre 
^Dt  DccafioD  for  ihifttttg  of  feipcrs)  except  the  Sur- 
teyor  be  perPedly  expert  and  ikillM  in  hts  fiufinefs 
and  efeti  then  he  will  find  it  a  Difficnlty^  to  ckfe  hts 
Traverfes  fo  correSly  as  might  be  wi&i^,  after  fuch 
piedng  and'  patdhin^  of  Papers.  But  a  Method  of 
Surveying  by  this  Inftrument,  {biR  be  hereafter  fitewd^ 
winch  is  free  from  all  the  tncohvenienees  above-men- 
tioned ;  as  the  Trouble  of  ftifting  the  Papers  fe  en- 
tirely removed,  and  the  Angles  (though  never  fo  many) 
are  all  expeditiooOy  taken  and  proWa^ed  at  the  lame 
Time  in  the  Field,  witiiia  the  Compafd  of  a  ccmunon 
Sheet  of  P^r,  though  yea  had  Thonftods  q£  Acres 
Wfurv^y- 


S  B  C  T.    III. 

Surveying  and  Plotting  ^f  Ground  by  the  Theq- 

D  Q  L  I  T  £• 


T*« 


P  K  ot,  XiL 

,     To  take  the  Btmngi  And  MgUi  &f  ABCDEF. 

Rule.    Fig.  20. 

I 

QET  up  your  Theodolite  at  «4  fix  tilie  lodes  lo 
O  36a  on  the  Limh^  level  the  Liftrument,  bring  the 
South  End  of  of  the  Needle  to  the  Fbwer-de-ii»>: 
(or  360)  in  the  Box,  and  faflen  the  limb ;  this  is 
called  adjuitiftg  the  Mrumoit.    Then  moying  the 

Index 


• 
Index,  'tiH  Ac  vertical  Hair  dtal^e  the  ObjeA  A,  the 
End  thereof  which  is  next  you  will  cut  on  the  lAmh 
the  Bearing  as  alfo  will  the  South  End  of  the  Needle 
in  the  Bo&,  if  nb  Mifbkt  has  been  committed.  Re- 
move your  Theodolite  to  S,  .>nd  fake  ^  Back-obferva- 

tion  to  th^  Obje£l  ^^^  after  which  :(the  Liikib  being  fe- 
cored)  direct  the  Indek  to  the  Mark  C>  and  the  End 
thereof  which  is  towants  you  will  give  oii  ttie  Limb  the 
Angle,  and  the^$outh  End  of  the  Needle  in  the  Box 
will  note  the  Bearing.  Nate^  The  Badc-obfervation 
k  always  taken  widi  the  ^6d  Sightie^  if  the  Thieodo^ 
fitt  hath  its  ISox  fixgd  t^  the  Iddex^  a«d  the  Number^ 
ill  the  BoK  iikrreiife  the  contrary  We^  with  ^^fe  in  the 
Plate ;  otherwife  the  fixed  fi^cs  ta^ift  be  ufed  for  the 
Fore-obfervation.  Then  to  prove  the  Trtith  bf  the 
Angle  and  Bearing,  take  the  two  F6flo\wng  Rulds. 

I.  To  the  prcfent  Angle  adA  thi?  laft  bearingy  Frciq 
-that  Sum  fubtraft  i8o%  and  the  Reoaainder  is  the  pre- 
fent  Bearing. 

IL  To  the  prefcnt  Bearing  add  180%  from  that 
Sum  deduA  the  precedilig  Bearing,  the  (Remainder 
will  be  the  prefent  Angle* 

But  if  the  Number  to  be  iiibtrafted  is  the  greater ; 
add  360^  (of  a  whole  Circle)  to  the  lelTer,  and  per- 
form Subtraction  as  before :  and  if  the  Remainder  ex- 
ceed  360%  abate  g6o*  from  it,  and  the  Remainder 
•  wiUbe  the  Btt^rii^  or  Ailgle. 

HaTmg  taken  the  Bearing  ax  Jd,  and'tht  Bearing 
and  Angle  at  J?,  and  compared  the  bn6  %'ihie  Other; 
iq-Iike  'Mtoer  muft'tlife  Angle^  and  BSarin^s  at  C,  2>i 

.1*  t;x  •^-  .    % 
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Ef  F  be  found  and  cqmpared^  whofe  fevend  Qpan* 
tides  are  as  below. 


A 
B 
C 
D 

E 
F 

BEARINGS. 

ANGLES. 

ao6»  Qc/' 

173    45 
84    30 

.3Z    00 

347  .45  . 
2Bz    00 

104*  oof 

»47    45 
90    45 

127    30 

135    45 
174    15 

To  know  ivhctber  (be  Hu  will  clofe  or  not :  mul* 
0p]y  1 80  by  a  Numbqr  lefs  by  2  than  the  Number  of 
the  internal  Angles,  the  Produft  will  be  equal  to  the 
$um  of  all  the  AQgles  in  the  Field ;  if  there  be  out- 
fvaid  Angles,  ufe  their  Complen)ents  (o  .180%  So  m 
the  prefent  Figure,  the  NumtNer  of  internal  Angles 
is  6  ;  therefore  180  x  4  (=  6  —  2)  =  720  =  the  Sum 
of  all  the  Angles  both  internal  and  the  Complements 
of  the  external  to  1 80  *. 


To  take  the  Plot  of  a  Field  ABCDEF,  from  one, 
Statm&,  at  or  about  the  Middle  thereof  ''  Fig.' 21.   ' 

Rule. 

Adjuft  your  TheodoUte  at  0,  by  Prop,  jz^  anddi- 
T«a  tb?  Indfijc  to^  J^,  C  7>f  £,  F,  and  it  will 
cut  the  Uiab  of  the  Inftramcnt  at  the  fcveral  Bearings. 
Mcafure  the  Diftance  from  the  Inftruine«  a^  O,  to 
the  Corners  ^,  B,  C,  !>,  E^  F. 

Or 


Or  thus ; 

DireA  the  fixed  Sights  to  «rf,  feften  the  Limb,  and 

.tnd  direa  ihe  mpycable  Sgftts  lb  the  fenral  Coracrs 

^,  C,  2),  X  fi    and.  the. Index  wi^  cut  on  the 

Limb  the  Angles.    The  Bearings,  Angles,  and  Dif- 

fances  are  as  below. 


BEA9.INGS.  ANGLES, 


D, 
IS 

128 

187 

'  24a 

30s 


A1. 

3? 

45 

00 

30 
.po 

00 


D. 
o 

113 
17a 

289 


•^f 


M. 
00 

.  00 

n   I  II  »■  » 


^0  protraSl  the  Seann^s  and  Anghs. 

Draw  the  Meridian  iVS;  in  which  afomc  ^ny  Ppiqt 
©for  your  Station ;  on  which  lay  the  Center  of  a  Pro- 
traftor,  (its  Diameter  fomciding  with  NS)  and  prick 
off  clofe  by  its  Limb  the  fcveral  Bearings,  as  they 
ftand  in  the  foregoing  Table.  .From  ©draw  the 
Lines  ©^,  05,  0C,  G2?,  ©£,  ©-F,  upon  which 
lay  the  rcfpeftive  Diftances  10  the  Field  Book,  and  join 
the  Points  ^,  JB,  C,  &c.  cpmplcating  the  Plan.  Or, 
if  ©./dfbe  drawn  at  Pleafure,  you  may  round  the  Gen- 
tet  ©  protraft  the  AdgleB  ooly,^  *y  laying  the  Diame- 
ter of  the  Protraftor  along  the  tine  0-4}*  after  which 
dofc  by  its  Limb  prick  off  the  fereral  Asgles,  and 
then  proceed  as  before. 


Pro  ?• 
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Prop.   XIV. 

To  tdh  the  PJoi  cf  a  TieU  ABCDEFGHI,  fromfi^ 
vera!  Stations  taken  tber€in.    Fi  o .  ^  2. 


Rule, 

Adjuft  the  Theodolite  at  G)  i,  and  take  the  Bear- 
ings and  Angles  of  ^,  B,  0  2,  G,  H,  /;  then  re. 
move  your  Inftruracnt  to  O  2,  fix  the  Iddex  to  the 
Bearing  thereof,  and  take  a  Back-obfervation  to  ©  ij^ 
and  fatten  the  Limbj  then  by  Prop.  13  take  the 
Bearings  and  Angles  of  C,  2>,  E,  F.  Meafure  the 
Diftances  from  each  Station  to  the  Comers  ^,  JB,  C 
&c.  as  alfo  the  Diftance  between  the  twp  Stations; 
whofe  feveral  Quantities  are  as  expreficd  in  the  hU 
lowing  Field  Bopk^ 

Or  thus; 

Alter  the  Bearings  and  Angles  a^e  taken  as  above^ 
inftead  of  meafuring  from  each  Station  into  the  feveral 
Comers  *^f  B^  C,  &c  you  need  oi\ly  meafure  from 
O  I  and  O  2,  to  the  Comers  A^  C,  as  alfo  the  Dif- 
tance  between  O  i  and  O  2 ;  after  which  take  the 
Lengths  of  0)6  Sidei  AB,  BC,  C2>>  &c* 


Tbe 


rf».v         -     --     > .  .         .%r. 
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IB  BARINGS. 


ANGLES. 


DISTANCES.! 
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86 
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40 
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^75 
650 

260 
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10 

345 
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10 
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339* 

• 

40' 

67 

10. 

»43 

55 

238 

JS 

220 
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307 
215 


-i*- 


T*Q  dtanji)  the  Plan. 

♦ 

Lay  down  the  Part  ^BGHF^  by  Prop.  13,  and 
make  the  Line  i  2  equal  the  Diftance  between  the  Sta- 
tions in  the  Field,  Througn  O  %  draw  the  Meridian 
^5,  round  which  as  a  Center,  lay  down  the  remaining 
Bearings ;  by  which  the  Reft  of  the  Plan  CDEF  may 
be  drawn^ 

Prop.    XV. 

To  take  the  Plot  offeverat  Vields,  lying  eonfiguous  or 
adjoining  one  to  another ^  from  Stations  taken  tofwards  the 
Middle  of  each  Field',      Fig.  23. 

.Rule. 

Take  the  Plot  of  v^,  by  Prop.  13,  and  the  Plot  of  B^ 

by 
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by  Prop.  14;  ia  like  Manner  plot  the  other  Fields  C 
7).  The  Bearings  and  Diftances  tatcn  in  the  Field, 
art  inferted  in  the  Field  Book ;  a  Specimen  of  which 
immediately  follows. 

r^&tf    FIELD    BOOK. 
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REMARKS. 


In  A. 
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B. 
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To  draw  the  Plan. 


This  is  wholly  performed  hy  Prop.  1 3  and  14. 


Pft  0  p. 
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To  take  the  Plot  of  one  or  more  Fields  A,  B,  lying  to* 
getber^  by  meafuring  round  the  fame,  which  is  the  beft 
fraSical  Moiod 

H  V  t  t. 

Set  up  Marks  a  little  diftant  from  the  Hedges,  (|uite 
round  the  Fields,  which  Marks  are  named  Stations* 
Then  Beginning  at  0  i  in  ^,  take  the  Bearing  there^ 
vand  alfo  the  Angle  and  Bearing  at  eyery  Station  in  that 
Field^  by  Prop.  1 2,  and  meafure  the  Didancos  and  Off- 
fcts.  Remove  youf  Theodolite  to  (?)  4  In  ^,  and  take 
a  Back-obieryation  to  O  3,  (that  bdng  the  Station  next 
preceding  that  you  are  at,  in  your  Field  Book,)  and 
then  dired  the  moveable  Sights  to  O  5  in  the  next 
Field  S ;  fo  will  the  Index  cut  on  the  Limb  the  Angle^ 
^ud  the  South  Point  of  the  Needle  in  the  Box,  will 
give  the  Bearing.  In  like  Manner  proceed,  when  you 
take  the  Angles,  Bearings,  Diftanccs,  and  Offsets  at 
the  other  Stations. 

But  there  is  a  better  and  more  expeditious  Method 
of  working  with  the  Theodolite,  which  is 

Thus; 

Set  up  your  Theodolite  (fuppofc  one  of  the  beft 
Sort,  with  Tooth  and  Pinion  to  both  Motions)  at  0 1; 
fix  the  Index  to  o  Degr.  on  the  Vertex  of  the  Arch> 
and  bring  the  Bubbles  hn  the  Spirit-Levcls  •  to  the 
Middle  of  their  Tubes;  fo  will  the  horizontal  Hair  in 
the  Tdefcope,  and  the  Limb  of  the  Inftrument  be  both 
perfeftly  level.  Set  the  Index  to  360  on  the  Limb, 
ati4  turn  the  whole  Theodolite  about  'till  the  South 

V  u  Point 
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Point  of  the  Needle  ftind  direftly  at  the  Flower-de- 
luce  (or  360  in  the  Box,)   and  fallen  the  Limb  ;  then 
cKreft  tlic  Tcfefcope  to  ©  2,    and  the  End  of  the  In- 
dex next  yoir,    will  gire  on  the  Lhnb  rhfe  Beating 
which  alfo  will  be  noted  by  the  South-  End  of  the  Neel 
die  in  the  Box.     The  Index  remaining  in  this  Pofition 
circa  your  Theodolite  at  0  2,  and  level  the  Tclefcopc 
and  Limb  as  before,   then  (by  moving  the  Inffrnmcnt 
about)  turn  back  the  Tclefope  to  O  i,  and  faftcn  the 
Limb;   then  the  Telefcope  behg  direfted  to  0  j,  the 
End  of  the  Index  which  is  iteitr  yoo  will  give  on  the 
Limb  the  Bearing,   which  alfo  wiH  be  noted  by  the 
North  End  of  the  Needle  in  the  Bene;  if  no  Mrftake  is 
committed  ;  fo  will  the  Needle  and  the  Index  the  one 
prove  the  other,   and  the  Bearings  will  be  all  expedi- 
tioufly  and  truly  taken  by  the  Index   on   the  Limb 
without  depending  in  the  leaft  on  the  Needle*    Thus 
proceed  at  every  Station,  and  you  will  find  one  End  or 
other  of  the  Needle  in  the  Box»    always  correfpond 
with  the  Index  on  the  Limb,   at  leaf!  fo  nearly  as  to 
prevent  or  difcover  any  Error  which  might  arife  during 
the  Coiirfe  of  the  Survey.     When  the  Inftrument  is 
brought  to  fome  Statibn  already  entered  in  your  Field 
Book,   in  order  to  go  round  another  Field,  fix  the  In, 
dex  to  the  Degree,  &c  upon  the  Limb,  of  the  Statioa 
preceding  that  you  are  at,   and  take  a  Back-obfcrvatioa 
thereto,  fo  will  the  Inftrument  retain  its  fame  parallel 
Pofition,   and  the  Work  may  be  carried  on  as  before. 
A  Field  Book  comformable  to  each  Method  begins  in 
the  next  Page. 

Tie 
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To  draw  the  Han. 

This  may  be  done  tvo  Ways ;  thus. 

I.  Draw  jNS  for  a  Meridian,    in  which  chufe  any 

Point  O  I  for  your  firft  Station ;  to  which  apply  the 

Center  of  a  ProcraAor,   and  lay  down  the  Bearing  at 

O  z  iq  your  Field  Book  Qod  draw  the  Line  i  2  ==  290 

Links* 
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Through  0  2  draw  another  Meridian  parallel  to  the 
former  NS^  and  draw  the  Line  2  3,  =298,  to  make 
an  Angle  with  the  Meridian  =  the  Bearing  at  ©2*; 
and  if  the  Line  2  3  cut  the  Lhnb  of  the  Protraftor  at 
122*  10^,  (=  Angle  at  G  2  in  the  Field  Book)  you 
may  be  aflurcd  your  Work  is  fo  far  right ;  but  if  ic 
doth  not  interfcft  the  Edge  of  the  Protrafior  at  the 
Degrees,  &c  of  the  Angle,  you  may  then  conclude 
your  Work  to  be  wrong,  which  muft  be  examined  before 
you  proceed  further.  Thus  proceed  at  every  Station 
^ili  the  Whole  be  protraficd ;  after  which  lay  down 
the  Ofiets  and  draw  the  Hedges,  which  will  compleat 
the  Plan. 

The  other  Method   (by  much  the  beft)   is  per^ 
formed  thus : 

n.  Lay  your  Protraflor  (thofeare  beft  having  an  open 
Center  and  a  Nonius)  on  any  Point  ©,  chofen  at  Plea- 
fure ;  and  moving  its  Index  to  the  Degree,  &c.  of 
each  Bearing  in  the  fecond  Field  Book,  point  them  fe- 
verally  off  upon  the  Paper.  Then  take  away  your  Pro- 
.  traftor,  and  chufe  fome  Point  (O  i)  upon  Paper,  for 
your  firft  Station ;  then  lay  the  Edge  of  a  Parallel  Ru- 
ler on  0  and  the  Point  numbered  i,  extend  its  other 
Edge 'till  it  juft  touch  ©  i,  and  draw  clofe  thereby, the 
Line  I  2  =  290  Links.  Then  apply  the  Edge  of  the 
Parallel  Ruler  to  0  and  the  Point  2,  and  its  other  Edge 
being  extended  to  O  2,  draw  a  Line  as  before,  =  Dif- 
tance  298;  thus  preceed  with  every  Bearing  and  Dif- 
lance. 

The  Angle  included  between  any  two  Traverfe 
Lines,    according  to  this  Method,  may  f>e  had  by  fab 
tra£Ang  the  Bearing  at  the  laft  preceding  Station,  from 

the 
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the  Beatiog  at  the  prefeni  Statioiv.  (if  SubtnrAtoo  can  be 
made)  and  the  Remainder  is  the  prefent  Anglo;  which 
»f  greater  than  a  Semicircle  (or  180*)  is  an  oatfide  An- 
gle, if  lefs  an  infide  One :  and  therefore  the  Line  floW'* 
iiig  frcra  any  Scacioi>,  muft  be  dt*awn  inwardly  or  oat-^ 
wardiy,  according  as  the  Angle  is  lefs  or  greater  thao 
i8o%  NotCy  If  SubtniSi(»  cannot  be  made^  add  (or 
borrow)  360%  and  then  fubtraft  as  abotc. 

In  iny  common  Praftice  of  Surveying  (which  is  fre- 
<jticntly  after  this  Method,)  I  raoftly  mark  the  Bearings 
in  the  Field  Book  with  the  Letters  ST  and  F,  fignifying 
tme  and  falfe  Bearing,  as  at  every  fecond  Station  froio 
that  I  begin  at,  the  Bearing  is  greater  than  it  fhouid  be 
by  a  Seffti-circle  (or  180*);  and  this  is  occafioned  by 
turning  back  the  Telcfcope,  and  boking  in  at  the 
fame  End  at  every  Station.  This  might  be  eafily  rc-» 
mcdtcd  by  two  Telefcopes,  the  one  lying  u{>on  the 
other,  and  fo  placed  that  the  Axis  of  the  one  is  exadly 
parallel  to  the  Axis  of  the  other,  with  their  £ye-en(k 
contrarily  placed,  io  that  Obfervations  might  be  n>ade 
backward  or  forward,  without  ihifting  the  Inftrument 
or  Index. 

This  Want  is  partly  fopplied,  by  the  plain  Sights, 
which  arc  at  prefent  fix'd  upon  the  Telcfcopes  of  oar 
beft  Theodolites  ;  but  greatly  {hort  in  l^oinc  of  Accu- 
racy and  Eafe,  and  is  therefore  worthy  of  our  Inftru- 
naent-maker's.  Notice. 

This  Method  of  Protrafiing  (or  laying  down  Angles) 
from  one  Center,  is  but  known  to  few  Siirveyors,  and 
confequently  has  not  been  much  ufed.  It.  is  of  thas 
Availment  in  the  PraSice  of  Surveymg,  that  without  it 
we  are  almoll  rendered  incapable  of  drawing,  a  Tlan  of 

any 
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any  Size,  with  that  Degree  of  Accuracy  ^ich  is'  fc- 
qaired,  or  might  be  wiih'd  for. 

I  have,  I  hopCt  fufficiently  demonflraced  eTcr^ 
Branch  of  PtafHcal  Snrreying,  fo  far  as  relates  to  the 
mcafuring  of  Lines  and  Angles :  and  have  alio  pointed 
oat  fome  of  the  bed  Forms  of  keeping  a  Field  Book^ 
which  is  one  greit  Secret  of  Land-farreying ;  with  al 
the  Varieties  of  Proirafting. 

It  is  very  eafy  to  account  for  the  Difficulty  of 
doling  a  Flan,  when  we  know  that  the  Angles  or 
Bearings  have  been  protrafted,  according  to  the  com- 
mon Form  before  (hewn,  which  is  all  the  Method  that 
has  as  yet  been  praftifed,  by  even  the  moft  noted  and 
eminent  of  our  praftifing  Surveyors  ;  for  conQdering 
the  great  Nicety  of  pricking  off  Angles,  and  again  the 
great  Care  and  Exaftnefs  which  is  required  in  laying  on 
the  Protraftor  at  every  Station ;  makes  it  alraoft  impoP 
fible  but  to  commit  an  Error  :  and  if  an  Error  (though 
never  fo  trifling)  fliould  happen  to  be  committed, 
cither  in  the  Angle  or  Diftance,  (bpt  more  efpccially 
in  the  Angle)  that  prefently  increafcs,  and  grows 
greater  and  greater,  according  to  the  Number  of 
Bearings  or  Diftances  that  immediately  JfoUow,  after  the 
Protraftidn  of  tha:t  Angle  or  Bearing,  or  the  laying 
down  of  that  Diftancc,  where  the  Miflakc  was  firfl 
entered. 

<JENERAL    PROBLEM. 

To  take  the  Plan  of  a  Gentleman^ s  EftatCy  Manor 

§r  Lordjbif.  . 

In  order  to  furvey  a  Gentleman's  Eftate,  it  is  necef- 

lary  that  the  Surveyor  be  not  only  well  IkiU'd  in  both 

the 


tbc  Thcoiy  and  Fra6tice  of  Sur?eyi&g,  but  that  be  be 
well  equipped  with  Inftraments  fitting  for  his  Putpofe, 
Tis.  fach  as  will  xncafore  Lines^  take  aod  protraA  An-^ 
gles  or  Bearings,  and  reduce  Sthctnes  or  Plans; 
•  The  beft  Inftmment  for  mcaforing  Diftances,  is  a 
ifaong  foup-pole  Chain  at  5^  Yard^  to  the  Pole^  as  be-^ 
fore  defcribed.  -  The  Perambnlator  is  alf6  an  Inftra*^ 
ment  for  meafnring  Diftances^  being  more  expeditioua 
ffaan  aocnratc ;  ks  greateft  Ufe  is  in  meafnring  Roads^ 
or  in. County  Surveys. 

For  meafuring  of  Angles^'  or  taking  tht  Poficion  of 
lines,  no  Inftmment  whatever  equals  the  Theodolite^ 
of  which  there  are.  various  Sorts,  as  before  defcribed. 

For  protra^g.  or  laying,  down  Angles,  the  only  ad-» 
Yajitageous  Inftrtunent,  is  ,a  round  Protrador  with  an 
open  Center  and  a  N(mius  \  hj  wbieh  Ajigles  may  be 
pi:oti4(led  to  three  Minutes  of  a  Degree*  There  are 
other  Protra«£brs  of  more  limple  Conftrufijon,  botli  cir* 
cttlar  and  ^mi-circular;  all  of  wb^h  have  been  already 
defcribed. 

For  laying  dciwn  Diftances  ^  pricking  (^^  Ofisets, 
the  Feather-edg^  Scales  (already  defcribe^)  deferve 
the  Preference ;  as  aifo  doth  the  crofs-rb^'d  Parallel 
Ruler>  for  reducing  irctgillar,  fided  Figures  to  Trian* 
gles  or  Trapeziums.         .  ,       . 

3^  take  a  St&vey  dr  Plariy  of  the  E^uk'cftbe  Right 
Hm.  H — i^,  Earl  of  B— r,  Jituate  at  A— >  in 
the  Parijb  of  h ,  and  County  of  N -. 

Set  up  your  Theodolite  at  ^^  in  the  Foot  of  che 
Lane,  and  (by  Prop,  f  2)  take  the  Pofiticm  of  (he  Line 

Xx  •     ^B, 
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«^j?,  and  mtiafure  i»  Length,  vkh  efcry  pBrdcnisr 
Oficc  to  die  Right  or  Le^t,  as  they  ootor.  Then  rc^ 
move  your  InftroiBeat  to  J?  b  in  die  Laae,  and  take 
as  before  the  Pofitkm  or  Bearbg  of  JBC,  wkh  its  Dii^ 
tance  and  Qftets,  Tbia  done,  remove  yoar  Theodo- 
lite to  C,  7>,  E,  Ff  G?  and  if,  and  repeat  cbe  Wok 
as  before,  fo  wiU  the  Work  of  the  jirft  FieU,  viz.  AI< 
der  Wood  be  fioiihed.  There  are  fevcral  other  Parcjr 
Cttlais,  which  flbonid  have  been  fioticed,  fuch  as  the 
Names  of  the  Fields,  &c.  on  the  Right  and  Left,  and 
to  wbkh  of  them  fuch  and  fuch  particiilar  Hodges^ 
Walls,  Fences,  Ditches,  &c.  do  belong,  with  other 
Particuiars,  which  cannot  be  recited  here,  together  with 
the  Form  or  Method  of  difpofing  or  ranging  them^  in 
a  Bdok  kept  for  that  Ufe,  comnxxily  called  a  FrtM 
Book  ;  I  fay  to  make  a  Recital  of  all  thefe,  wonid  in 
this  ^ace  be  fuperiubus ;  as  the  Field  Book  direfiiy 
follows,  in  which  are  contained  all  the  Oocarrences^ 
which  can  pdEUy  happen  during  the  Survey ;  fo  that 
by  examining  the  Field  Book,  and  by  comparing  it  and 
the  Pkn  together,  more  Knowledge  will  be  acquired, 
than  ean  poffibly  be  expected  from  a  NaaAer  of  te* 
dions  Repetitions. 

Alder  Wood  being  finillied,  joa  next  remove  your 
Theodolite  to  F  in  the  Lane,  from  ^n^ence  proceed  aa 
before,  'till  Spring  Cbfe  and  the  Reft  of  the  Fields  are 
finilhed. 

IhtSf  The  Inftrument  ufed  in  this  Survey,  ia  a 
Thecdolite  with  plain  Sights^  haviog  its  J3ox  &ted  19 
the  Index.. 
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0.      REMARKS. 

In  Long-tailbars, 


bye  Q  at  08  ill  Li 

12  13. 
to  the  River's  Edge 
Clofe  liere^ 


J^  draw  the  Plan. 

Proceed  ia  ercry  RefpeS  accorditig  to  the  Direflioas 
given  in  Prop.  1 6^  and  you  will  have  a  true  Plan  ac« 
cording  to  the  Field  Book.    Fig,  2^. 

•  •  •    •  V 

To£nd  the  ^cres,  &c  amtained  in  this  Plan. 

Reciuce  the  fevcral  Fields  fn  the  Plan,  into  Triangles, 

or  Trapeziums,  or  both  ^  whofe  Area  find  by  Prob.  27, 

28.  Book  11.  which  are.  as  follow. 

.         '  AREAS. 


Tarri'ttmi^x  reduced  to  the  l^  ARC. 
Thoath,  redrScfed  to  the  A  D£F 
Brdad  Field,  red  wed  tcrKhc/^GHI . 
Toddles,  redticed  to  the  A  KL  M 
Ingtuirc^  reduced  to  the  A  N,0  P 
Btofta^  reduced  to  the  A  ^RS 
Ht^j^hom,  reduced  to  Uic  A  TVW 
Long-tailbars y  reduceil  xx%  the  A  XTZ 
Lovg-inoofy  reduced  to  the  A  /^Z)i? 
Riggii  reduced  to  the  A  HC I 
hong'Jid'e,  reduced  to  the  A  ^  ^  ^     ^ 
Sjquore Chfe^  rcdmced  to  the  A  PBS 
Vgnxflandsy  rcduccd'to  the  A  i^£l 
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zontal  Lints  cf  Hills  and  VaU^ ;  ndadng  tf  Plans 
frcm  a  greatir  Scak  to  s  Ufs^  vr  Jrmm  m  1^  to  a 
greafr- ;  County  Surveying;  tte  ^httod  cf  toBng  tie 
FaJfcQVoc  ^f  any  Gtfdlauafs  Seat  or  Bmlib^. 


mmm^ 


S  EC  T.    L 

^imetry^   or  the  Method  efmeafnnwg  neeejfibk  and 

husceeffibk  ^Mkudos* 


P  JL  o  p .    L 

To  jind  the  ^titude  tf  the  Tower  AB.    Fic-  a  8. 


SET  up  yoDT  Tboodalite  at  Cj  and  like  die  Aqgle 
of  Elevation  ^CB  =  45^ ;  meaibrc  the  Dilbbf c 
from  the  Inftrnment  at  C,  ro  ^  the  Foot  or  Bottom  of 
^  die  Tower  =  59  Feipt.  .  Then  to  find  the  Height  of 
^B^  make  AC^  59 ;,  alio  draw  CB  to  make  an  An- 
gle with  ,4^  =  45^  (the  Ahitude)  and  draw  the  Per- 
pendicu'ar  ^^B  to  cut  .CB  in  B.  Tficn  \4B  mea- 
fured^  I*  =  59  =  the  Hpight  of  the  Tower.  Of  the 
fame  may  be  performed  by  Ofc  3,  of  right  angled 
plain  Triangles. 

fittt  Altitudes  are  moft  commodiouily  taken  by  the 
bcft  Theodolites  thus :  '  V 

Set  up  your  TheodoUte  ^  at  the  DSlance  of  too 
Feet  from  the  Bottom  5  of  the  Tower  BC,  and  level 

It 


1 


it  there ;  then  elef^te  the  Tdcfcopc,  till  the  horizon* 
tal  Hair  thefeiiii  Cut  the  Top  C  of  the  Towcf, 
and  the  lodei  will  cut  ofF^  among  the  Diviiions  OQ  the 
Yertical  Arcft^  a  Number  of  equ^t  Farts,  whidi  added 
to  jii>  (^  BG)  the  Height  of  the  Telefcope  from 
the  Gtxrand,  will  give  BC  the  Height  of  the  Tower. 

Or  thu^i 

The  Inftriunent  (landing  at  ./f  (=  the  Diflance  of 
too  Feet  from  the  Bottom  of  the  Tower)  dircft  the 
Telefcope  to  B  and  C  (the  Bottom  and  Top  of  the 
Tower)  and  the  Index  will  cut  on  the  yertical  Arch 
two  Numbers^  whofe  Sum  or  Difierence  (according  as 
the  Obfcrvations  are  both  above  or  both  beloW|  or  the 
one  above  and  the  other  below  the  true  Level  of  the 
Inft rumen t)  is  the  perpendicular  Height  of  the  Tower, 

fiut  provided  the  Didance  of  the  Inftrument  from 
the  Tower  be  not  limited ;  then  as  loo  :  the  Diflance 
J :  the  Altitude  given  by  the  Inftniment :  the  true  Al- 
titude.   Fig.  32. 

Prop.    1L 

To^nd  the  Height  of  the  Tower  AB,  as  aj/b  of  the  Spir^ 
BC,  being  inaccejible.    Fig.  2'8. 

Chafe  two  Stations  25,  JE  ;  fet  up  your  Theodolite 
at  5&,  iincl  take  rhc  Angles  B  "DA,  CDF;  alfo  at  E 
take  the,  Angiea  5-E./4?,  C^F^  and  meafure  the  Dif- 
tance  between  the  Stations  ©,  E. 

Then  to. lay.  this  down  upon  Paper,  draw!D-E  = 
the  Diflance  between  the  Stations ;  from  2)  draw  3>5 
and  ©C,  to.  make  each  art  Angle  with  A^D  equal  to 
to  thofc  takcii  by  the  Inftrumeut  j  alfo  from  E  draw 

3  B  -E2f 
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EB  aad  EQ  according  to  the  DireAioji' of  the  An- 
gles SE^,  CEF,  to  cut  2)5  and  5DC<firil  drawn) 
in  B  and  C;  then  is  ^B  the  Height  of  the  Tower, 
and  FC-^JB  (=  C^)  the  Height  of  the  Spire. 

Or  you  may  find  the  Altitude^  by  trig9aoiiietricai 
Calculation  ;  for  there  are  two  oblique-angled  Trian« 
gles  7)CEf  "DBEf  in  each  of  which  are  known  all 
the  Angles  and  the  Side  2)jEcpmmon  to  both  ;  whence 
in  the  Triangle  'DCE,  the  Side  2)C  may  be  found  by 
Cafe  I.  of  oblique  plain  Triangles :  Alfo  in  the  right- 
angled  Triangle  T>FC,  We  have  the  H}pothcnnic  "DC 
and  ^11  the  Angles,  whence  "DF,  and  FC  (=3  Height 
of  both  Tower  and  Spire  are  found  by  Cafe  3  right 
.«£^s;  then  again,  in  the  oblique  Triangle  'DBE,  the 
Side  !Z)£  and  all  the  -^s  are  known,  whence  DB  may 
be  found.  Then  in  the  right-angled  Triangle  1>Bji 
the  Hyp.  2)-B  ^nd  all  the  Angles  are  known,  from 
whence  (by  Cafe  3,  of  right  .^^ s)  the  Perp.  j4B  ts  found 
=  Altit.  of  the  Tower.  Then  FC'-AB^Cd^K\^ 
titude  of  the  Spire. 
■  -  ■  ^— ^—  ■  -  -  ■ 

SECT.    II. 

Jjongimetry^  »r  the  Method  of  meafuring  ^ccejfihle  and 

inaccejible  Dijlances. 


&  €  p. 


III. 


Tofind thel^i  fiance  of t  he  HTfife  C^fiom  either  if  the  SiMtions 
A,Bi  beingrnaece^bkfby  Reajon  of  the  WatetD.  FlG  jo* 

AT  each  of  the  Stations  *^y  B,  take  with  your 
Theodolite  the  Angles  B^C,  ^BC,  and  mea- 

and 


1 


J 
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lure  the  Diftancc  AB.  Then  draw  upon  Paper  a 
JLiqe  «>^^,  which  ~q[iake  sz  the  Di  fiance  beiween  the 
Stations  j  alfo  from  ^  and  i?  draw  ^C,  and  BC^  ac- 
cording to  the  Dircftion  of  the  Angles  BAC^  ABC\ 
their  Point  of  Incerfe6tion  C  is  the  Place  of  the  Houfe  \ 
woA  AG  and  BC  feparately  meafured^  is  its  Diilaocd 
from  ^di  Station  4I,  B.  'Alfo  in  the  oblique  Trian- 
gle ACB/  M  the  Angles  and  the  Side  AB  are 
known,  JFrom  whence  the  other  two  Sides  AC,  BC 
are  found  by  Cafe  1.  oHique  plain  Triangles. 

P  R   o   P.     IV. 

9o^nd  the  T)illqnce  of  two  Houfes  C,  D ;  b/mg  inaccef 
ftbte  to  each  other ^  and  alfo  to  the  Place  where  you  are. 
Fig.  51. 
.  Chafe  two  Stations  from  whence  you  can  fee  both 
the  Houfes  C,  2) ;  with  your  Theodolite  at  A  and  B 
take  the  Angles  CAB, /DAB,  and  CBA,  DBA; 
and  meafure  the  Diftance  between  the  .Stations  A  an^ 
B.  By  the  Help  of  thefe  Angles  and  Diftance  con- 
ftruft  the  Triangles  ABC,  ABD,  in  each  of  which 
you  have  all  the  Angles  and  one  Side  A  B  (common  to 
both)  known;  from  whence,  by  Cafe  i.  of  Obliques, 
thp  Leagtljs  of  the. .Sides  BC  and  52),  or  v<^Caod 
A*J?  may  be  found.  Then  join  the  Points  C,  7),  by 
S^hich  will  be  formed  other  two  Triangles  ACT} 
^DC,  in  each  of  which  are  given  two  Sides  and  an 
included  Angle,  by  which  t  e  third  Side  C7)  may  be 
found  by  Cafe  3,  of  Obliques  Or  the  Side  CD  mcafu- 
red  on  the  fame  Scale  t^-^e  Diac;ra'Ti  is  drawn  by,  will  give 
the  Diftance  of  the  Honfes  C\  D  ;  in  like  Manner  AC 
zndADy  as  alfo  BC  ^nd  BD  meafured  a?^  before,' will 
jliew  the  Diftance  of  C  and  7)  from  each  of  the  Stations 
AfB.  3B  2  Prop, 
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P  ji  0  r.    V. 

fh  take  the  Plot  rfa  Fuld  CDEPGH,  at  a  7)ijiance 

frmyou.    Fig,  33. 

Take  two  Stations  ^  and  B^  from  each  of  which 
the  feveral  Comers  pf  the  Field  m^y  be  feen ;  thea 
with  your  Theodolite  at  ^  and  B,  take  the  Qoandty 
of  the  Angles  C^B^  HABy  E^B,  F^B,  GAB^ 
HAB\  as  alfo  of  the  Angles  CB^,  1>BA  KB  A, 
FBA,  GBA,  HBA;  iwA  mcafure  the  Diftance  AB^ 
Then  Lines  being  drawing  according  to  the  Diredion 
pf  their  feveral  Angles^  and  their  Points  ci  Interfedioa 
beii^  joined  by  right  LineS|  ^11  conftruA  a  xpxt  Plan 
or  Draught  CiD-EFG/f 


SECT,   in. 

fir  Mftbod  of  finding  the  Horizontal  {Jnfs  o/ISlU 

andValltes. 


1 


P  I!.  0  p.     VI. 

fo  find  the  Hbrizontal  Line  ef  an  HiL      Fig.  34. 

PI.AC  E  a  Mark  C  on  the  Top  of  Ac  Hill^  of  J 
equal  Height  with  the  Inftrumcnt  ft  2)  and  E 
(at  the  Bottom  thereof  on  each  Side)  that  is,  the  Mark 
C  muft  be  placed  as  high  from  the  Ground,  as  the 
Telefcope  at  2>,  E.  Then  take  the  Angles  of  Eler 
?ation  C©F,  CEF,  and  me^fure  the  Diftance  from 
y^  and  B  (the  Foot  of  the  Inftrament)  to  the  Bottom 
pf  the  Staff  C.    Then  in  the  twp  right  angled  Trian- 
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glcs  7}FC,  EFC,  arc  all  the  Angles  and  the  Hypo- 
rhenufes  feparately  given ;  whence  the  two  Baies  ^  G, 
G  3,  are  found  by  Cafe  i.  of  right  angled  Triangles  j 
then  fAG  +  G  B  =i  •AB  ^  tht  borizont^  Lii^e  of  the 
HiJl. 

Prop;    VII. 

To  find  the  horizontal  Line  of  a  Y alley.    Fig.  35, 

This  U  tbe.ReTerfe  of  fimiiog  the  horiz<^tal  Linip 
of  an  Hill  I  for  the  Angles  of  Depreffion  D'AC^ 
T^JSC  bdvig  found,  and  the  Diftances  from  ^  and  B 
to  the  Mark  C  being  meafured;  we  have  as  before, 
two  right-angled  Triangles,  in  which  all  the  Angles 
and  the  Hypothcnufes  are  known ;  from  whence  the 
horizontal  Line  ^S  may  be  found  as  before  by  Cafe 
I.  of  right  angled  Triangles; 

But  the  Work  of  this  and  the  laft  for^ofaig  IVop. 
may  be  much  more  commodioufly  perfopned  by  the 
beft  Theodolites ;  for  the  Telefcope  being  elevated  or 
depreffed,  till  the  horizontal  Hair  therein  interfefts  the 
Objefts  C,  C,  Fig.  34,  35.  the  Index  will  cut  off  on 
the  vertical  Arch  'two  Numbers,  which  being  fepa* 
rately  dedufted  out  of  each  Chain's  Length,  in  meafur-r 
ing  up  or  down  the  Afcent  or  Defcent,  will  give  the 
h$^omal  Diftance. 


s 
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SECT.    IV. 

* 

Rsdiuing  njf  Plans  from  a  greater  ScaU  to  a  Ufiy  m 

from  alefs  to  a  greater. 


r^  ■      » 


Prop.    Vni. 

Jjet  it  he  required  to  r^duci  the  Piun  AEG  }Lio  41  Scale 

of  Half  the  Size^    Fio.  jtf,  37. 

« 

DRAW  a  line  NO  through  aqy  Part  of  thcprjt 
gioal  DraQgbc  (3^)  and  make  JCiV^?  A^O;draw 
another  Line  JVO^  (37)  and  uke  KNqx  KO  (36}  iP 
jonr  G^mpaflTeSy  which  make  a  parallel  Radius  cp  lo** 
10  on  the  Line  of  Lines  on  the  Sefior ;  ihen  tgk^  the 
paraHcl  Diilance  of  5  :  5^  and  fee  from  /T,  to  N  ^ncl 
0.(37).  Take  NJi  (56)  in  your  Cornpafle^  make 
{Ijat  a  parallel  Radius  to  10  :  10  on  the  fame  Line  of 
Xipes  as  before*  and  take  the  parallel  Diftancc  J  :  5^ 
with  which  (and  one  Foot  on  N)  defcribc  an  Arch  p4 
(37);  then  make  0*/if  (36)  a  paraljd  Radius  fo  loiiOf 
jf$  fcfifore,  and  with  the  parallel  Diftapce  5  : 5  (and  OA^ 
foot  on  2))  dcfcribe  an  Arch  to  cut  the  former  iq  ji 
(37).  Again,  make  N B  (36)  a  parallel  Radius  to  10 
:  ro,  and  with  the  parallel  Diftaiice  5  :  5  (and  one 
Foot  on  N)  defcribe  an  Arch  ^  (37) ;  alfo  take  OB 
(36)  in  your  Compafles,  and  make  it  a  parallel  Radius 
of  10  :  10  as  before;  then  with  the  parallel  DiftaDCC 
5  :  5  (and  one  Foot  in  O)  cut  the  former  Arch  B  in 
^  (37^ ;  in  like  Manner  projeft  the  other  Points  C,  59, 
which  being  joined  by  Lines,  conftitutes  a  Draught  of 

one 


J 
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one  Field :  After  the  fame  Method  muft  the  other 
Fields  be  laid  down. 

There  is  another  Method  of  reducing  a  Plan  by 
geometrical  Squares  ^j  but  that  being  fhort,  in  Point  of 
AccttMcyy  of  .ihe  £ril  Method,  fhall  therefore  be 
omitted. 

There  is  another  very  good  Method  of  reducing  u 
Plan  which  does,  but  confift  of  one  Field,  as  fuppofe 
ABCDE  (Ficr.  38);   and  is  performed  thus: 

The  Plan  being  to  be  reduced  ^  Part  lefs,  divide 
any  one  of  its  Sides  E^  into  four  equal  Parts,  and  fee 
doe  9f  thefe  Parts  from  ^  to  F;  from  E  draw  E  B, 
EC,  md  from. F draw  FG  parallel  to  ^£,  which 
Will  cm  E  ^  in  G;  aJfo  from  G  draw  G  H  parallel  tt> 
EC,  to  inter feA  ECin  H\  and  laftly,  draw  HI  p^ 
rallel  to  C©^  to  cut  £  2>  in  /;  then  is  EFGHI^  ^ 
Part  lefs  than  ABCDEy  ot  —  ^  P^rts  thereof. 

Xft  by  the  Scflbr  thust 

Make  E^  4  parailel  Radius  of  4  :  4  on  the  Lme 
of  Lioes;  then  cake  the  parallel  Radius  g  :  3  ;  and  fet 
from.£  to  F,  and  draw  the  parallel  Lines  FG,  GHp 

HI  as  before.  Or  thus :  Make  E^,  EB,EC,ED 
rcfjgt£i\Yt\y  t(\w\l  the. parallel  Radius  4:4;  then  take 
the  parallel  Radios  j  :  3,  and  fet  from  E  to  F,  G,  H 
/;.  which  Points  being  joined,  *  produce  the  Plan 
EFGHJ,  projportioiial  and  fimilar  to  the  original 
^BCDE. 
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County  Surveying.  .    . 
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GOUNTY  Surveying  is  performed  in  all  RelpeSs 
like  unto  the  Method  made  ufe  of  m  Stirteymg 
and  Plotting  a  Gentleinati's  Eftate,  add  the  Inftniaiontf" 
given  in  ScQ.  3.  Book  8.  are  here  fufficient  for  oiir 
Purpofe.  • 

-  For  \/iGKP  may  be  faid  to  repi'detft  fofac*C5otiillty^; 
and  the  feveral  traverfe  Lines  therein  Aiy  fe  fujJpofdd' 
to  denote  fo  many  Hightvays,  ot  public  'Rokds  leadbgf 
to  and  from  fome'City,  Towti,  Village,  Church, '<iif- 
tle,  or  other  memorable  Monument  within  the  'C6unty  \ 
(the  Hedges  in  the  Plan  being  in  this  Cafe  cdnfldtred* 
as  nothing.)  •      '  .  .  •    .  •  I    i 

Then,  with  your  Perambulator  for  meafunng  Dtf- 
tances,  and  Theodolite  for  taking  the  Pofiribn  of  Linc^ 
and  the  Bearings  •  of  remarkable  Objd^h,  ^  proiiccd  to 
take  the  Out-bourids  firft,  leaving  a  Mark  at  the  .Cr6(^' 
iing  of  any  Road,'  ^c.  which  is  to  be  retutncd  to  :-Al 
fuppofe  beginning  at  */#,  you  mcafure  forwatids'*(rhe 
Pofition  ofvf  j5  being  firft  taken)  to  0  2  whfch  is  at  S\ 
from  thence  you  proceed  along  the  Lhie'  Btf,  and  at 
©  you  meet  with  a  Road  coming  hi  on  thd  left  Hnid 
Side,  which  may  be  dfcnotcd  by  R'^  where  oBferve 
to  leave  a  Mark.'  * 

Then  tneafuring  forward  to  0  3,  another  Road 
comes  in,  where  place  a  Mark  as  before.  From  thciicc 
proceed  to  2),  where  another  Road  occurs,  as  alfo 
doth  another  at  E.    From  jE  proceed  to  H^  whtirc 

ano- 
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another  Rood  conies  10 ;  and  from  H  to  7>  and  fo  on 
from  Station  to  Station  andl  the  Circuit  clofes  at  A 
where  you  fi(^  began. 

The  Out-fide  Bounds  being  thus  taken^  you  next 
recarB-to  feme  one  of  the  Marks- left  at  tde  Crd&ng  of 
iome  Road^  as  fuppofe  to  S^  from  whonce  you  meafure 
along  the  JR.oad  till  you  come  to  V^  where  you  enter 
aaother  Road,  and  leaving  a  Mark  as  before^  purfue 
your  Courfe  along  the  Road  FC  to  C,  and  one  Part  of 
the  County  is  fct  ofF«  Then  returning  to  the  Mark  B^ 
prof^f^.from  thence  to  PTand  X^  where  a  Mark  being 
left,  pvtrfuCi  your  Coi;irfe  to  the  Mark  F,  and  fo  is  anor 
ther  Part  of  the  County  finiihed« 

Returning  to  O,  meafure  fonvards  till  you  fall  in 
K^ith  a  Rpfid  ftt^O,.  ^here  leaving  a  Mark,  prcxreed  as 
b^ore  ^o  X9  y^k^^  Y^^  ^^^  l^i^^  another  Road^  and 
^  JMUrk  being  left  as .  ufual^  purfue  your  Courfe  to  X 
which  plpfq  another  Part  of  th&  County, 
^.Agfiin.  retujTA  ^9  the  Mark  Z),  and  meafure  froi5i 
thence  ^p.Z.  .©♦  ^f,,@,  and  Z;. which. finHhes.auo- 
ther.  Pan.  of  tbc/  County.  Then  return  to  Q  in  the 
R<^d  ^  Xy .  and  rgoing  from,  thence  to  i?%  you  clofe 
taocheiirPa^^cOf  the  County  at  T;  and  returning  10  £* 
priced  alo]^,r  the  Road  B^  N,  to  N^  which  finiihes 
anip^r  Part  of  .the  County.-    .     . 

.RflimrA,tQ..thc.  Mark  £^  and  meafure  forwards  to 
G%.35>.*>  afl4'0'»  the  Line  Zv4%  which  clofes  in 
another  Part  of  the  County.  Then  return  to  2>%  and 
purfujf  yopr  Courfe  to  JE%  £*,  and  fo  oD  to  £% 
whifre  anpiher  Part  of  the  County  clofes. 

Then  returning  to  Z)*,  meafure  from  thence  to  /f, 
*hich  wiil^clqfe  apptbcr  Part  of  the  County.    Alfo  re- 

2  C  turn 
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,tti'rn  t6  P\  attdlVcftnfidhtt  ffrMdrt  ttrthr Hfcrlf  i^ 
fo  vim  anothrer  Part  of  the  Cooirtjr  be  fet  dflF.  Liftly, 
return  to  M,  and  proceed  from  tfifciicfe  to  the  Maik  ® 
in  ttie  Lint  F*  5",  wHidh  dofei*  Ae  Wiole.     *     ' ' 

'  As  you  are  merfuring  aidng  fVoVii-Staab*  WSfi^ten^ 
you  niay  wke  the  Bearings  of  ^tiy  renikf KaHe^tjaftis, 
fdch  ^  Chlirches;  ClrfUcs,  Towers^  ifc.  ^^hkh  tAmf 
©iflfer  thtmfelres  to  your  View.  Then  to  lay  <to^*« 
the  fevcxal  Siverv  meafure  :iIong  cbe  fiides  tiyertdf, 
tegmmng  at  their  Entrance  into  the  County,  dr  at  *hfc 
Place  of  their  Exk,  and  fo  purftiing  the  GdUrfe  there- 
dv  as  fo  a^  the  Lnnib  of  the  Cotuifty  triDeMdL  Tl^e 
Method  of  the  Field  Book  is  the  htic  as  ^readjr 
fiicwn,  Seft.  5,  Book  B.  As  to  the  Method  of  J?ro* 
trafting,  that  is  the  feme  as  already  fhewh  in  pfotnifi- 
ing  the  Surrey  of  a  GentfttaatfSs  Ellwe.    Fio.t  jJL 

As^fOr  Citifes  or  Towns  of  Note,  thefe  ©oft  be  ttHbui^ 
guifhed  in  the  Kan,  hf  foine  fartkular  Mark  of  t!l^^ 
tafter,  and  "the  Nalsie  of  the  City,  (^c.  Witfe^  *iofc 
•beiide  it.  But  any  Coontrf^o^pm  or  Village  natf  be 
idaiotcd  tn  the  Ran  with  a  Point  oiily,i  asrtim  <.)  and 
its  Name  placed  clofe  to  it,  .      • . 

•  Roads  th«  ha*e  Hedges  on  the  Sides  dicreaf,  miiil 
be  :diftinguiihed  by  black  pandlel  Lines  f  but  inch  as 
are  open,  and  hate  00  Hedges,  Walb,.tfc*r/  on  the 
•Sides  thereof,  may  be  denoted  by  ftidcoi  Lines^ .  If 
the  Road  go  through  a  Wood,  it  muft  be  diftingoiihed 
in  the  Plan,  by  a  Number  of  Trees  A-awn  on  all  Skies 
thereof,  or  if  it  be  a  Road  going  over  a  Moumaia> 
fhadow  the  Mountain  pretty  ftrongiat  the  Botto»f  Jet- 
ling  it  grow  lighter  till  you  come  to  the  Tqx 

Rilk  may  be  diftinguilhed  by  rmall  Uqcb^  Brooks 


by  49uWl0.  iiim^v^  Hivja*  by.  fcvcral  ^-iofS^j  aUb^ 
f fafe  Nan|e- of  ihe  Riv^r  nmfl  ho  in^ted  i«,.the  !^iap« 

^Tiog  (urveyed  ^1  <^?  public  High^ipads,    4Q)d 
Rivers  of  Note,  you  muft  .in, like  lyl^nq:  funey  aJl 

.  |>f it^ic  KjO^ds,  -  Bridlc-ro^ds,  apd  .r(?ptTi»ttU  j  as  aJib 

the  fcvcrai  {mail  ^ilb,  RiYuk^ej/.c^r^.- Vnicb.  being 

,  4<K)e,  and  nearly  intrpduced  mio  .the  Plao^  will  gif^atTy 

.  frend  to  xh^  ^uty  an^i  Qrwn^t  dier^f,  Jf^o^  ,26, 

S  E  CT.    VL       ' 
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BY  Perfpcfiivt  we  are  <tQ,ijja^^erfland  the  Method 
pf.prqjeding  upon  ai^y  Plane,  any  Fronts  or 
.  Part  of  a  Buildings  in  fpch  Sort  .that  the  Reprefen* 
tadon  thereof  upon  the  faid  Plane^  fliall  be  every  Way 
finiilar  to  the  Appearance  of  the  Building  itlblf.  For 
che  Magnitude  <^  any  Obje6i;  is  d^tern^nedby  Lines 
or  Rays  of  Light  proceeding  therefrom,  and  meeting 
one. another  in  the  Eye  of  the  Obferye^,  where  an 
Angle  is  formed  either  great  or  fmnlJ;  according  to 
the  Diftance  of  the  Objeft  from  us ;  hence  it  is,  that 
every  Objcft  which  appears  under  a  great  Angle,  is 
always  greater  than  one  which  appears  under  a  lefs  An- 
gle, and  the  farther  an/  Objcft  is  removed  from  the 
Eye,  the  lefs  is  the  vifoal  Angle,  and  vice  veffa. 
It»is  alfo  further  to  be  dbiferved,  that  the  Shape  of 
Qbjcfts  will  vary  according  xo  the  different  Wanes  they 
*r€  projeftcd  upgn,  Jthopgh  the  Diftance  from  the  Eye 
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bel'iAvQithelefs  theTame>  fortbe  ReprefentamQ  of 
fbe  Front  of  an7  Hoafe^  (jtc.  upon -a' pbne  Parallel  to 
it£clf^  is  qtite  diflercnt  fibm  that  upoQ  i  plaice  Obliqtie 
thenito,  as  is  cTideoc  from  Fig.  70^  71.  urbere  the 
EroDt  Pi|^  is  widely  different  frpni  the  Front  i^  be- 
ing projeded  upon  difiereat  Planes. 
-  Room  will  not  permit  me  to  handle  this  Suited  in 
afi  copi^mi  a  Manner  as  perhaps  fome  few  oi  the  Ctiri*r 
iMls,lila]^  ^X^tSt;  whaC'l  &all  here  do,  is  to  by  down  a 
p»$oal  'Mdthod  of  Perfpe£^iye  by  the  ^  Theodolite 
odyt>  lirithottt  the  Afliftance  of  any  other  InftmuiieBry 
exeepbaScale  and  dbmpaffi^,  a  Sefbr^  Protddor/tad 
pardUel  JEi^uler,  thefe  being  the  loftrmqents^  that  every 
Sittvqior  either  is,  or  ought  to  be  equipped  with^ 

.     ' ;  '     >         ■  .  ■  . 

ExampleL  ■    .^ 

Let  K  a  reprefcnt  a  Building,  the  Perfpefiive  pf 
tnphich  Is  required  to  be  takoa  from  T^  the  Place  of 
Dhfervation,  upon  a  Plane  parallel  (30  the  Front  PJ^. 

;  Tjhe  lifcthod  of  performing  this  by  OoUh  bell  new- 
improved  Theodolife,  is  as  follows  : 

*  Find  tie  Bearing. of  the  Front  i?Jr,  to  which  add 
j©r  fubtraft  90  Degrees,  and  you  will. have  thedirefl- 
ii\grNUalber»  wljtich  keep;  then  remove '  your  Theo- 
fif^tt  to.  T^  the  PJac.e  of  Obfervation,  level  It  there, 
Mil  bring'  the  Index  to  the  Seginning  of  the  Divifions 
on  the  Limb,  and  the  Inftrument  being  levelled  as  a- 
forefaid,  the  Telefcopc  will  ftand  at  the  Beginning  of 
tjbe  Djvifions  on  the  vertical  hfch ;  then  bring  the 
^eedle  to  the  dire<9ing  Number,  and  fccure  the  In- 
ftrumcnt  in  this  PofitioD;  .which  iS  now  adjnfted  and  fit 
for  Ofervatipn.  Di- 


Diredthe  Tefefcope  to  the  Poibt  P  id  iiievBiiiid^ 
mg,  ukI  the  Index  wtU  cut,  among  the  Diftfions  on 
the  Limb,  ao  Fecr,  and  on  the  ▼«!!<»!  Arch  \$  Fccn 
Deprefs  the  Telefcope  to  ^^-and  the  Iodines  witt  one 
th^  fame  as  before  on  the  Limb,  and  6\  Feet  on  tWd 
vertical  Arch. 

Dircifl  the  Telefcope  to  K  in  the  Baildin^,  ^and  the 
Index  will  cut  on  the  Tertical  Arch  444  Feet«  in 
Jike-  Manner  direA  the  Telefcope  to  ^^  B^iJifD^  ISf 
r,  G,  /f,  M,  0, 2,,  A^  and  the  Indices  wi»  ^ vd  ort  the 
Limb  and  the  vertica}  Arch,  as  in  the  foMowhig  Table. 

For  the  returned  Front  a  W^  find  as  b^ore  the  It* 
veral  Points'  tf,  b,  c,  e^g^  /,  /,  »,  i/,/,  ^,  k^tn^^  ivhnfe 
Didances  are  as  in  the  following  Table.  In  Itlee 
Manner  you  may  find  as  many  Points  as  you  have  Oc- 
cafion  for.  ..»»,. 

To  draw  fbe  Plan, 

Draw  ^7^ and  CF" perpendicular  to  each  other;  Ift 
C  denote  the  Center  of  the  Plan  or  PiAurc,  and  C  V 
the  horizontal  Line ;  from  thefe  two  Lines  mufl  every 
Pare  of  the  Building  be  laid  down,  according  to  their 
apparent  Diftances  therefrom, 

N.  B.  By  the  Center  of  the  Plaq  or  Pifture  is  meant 
that  Point  in  the  Plane  thereof,  to  which  a  Line 
drawn  from  the  Eye  is  perpendicular  to  the  faid  PlanCr 

Then  make  CZ  =  10  Feet,  and  CX=  15;  from 
X  draw  XP"  parallel  to  CF,  and  from  Z  draw  ZP  p^- 
rallel  to  XT,  to  cut  each  other  in  P,  whence  the  per- 
fpeSive  Appearance  of  the  PcmtP  is  found.  In  like 
Manner  may  the  pcrfpcftive  Appearance  of  any  other 
jPoint  be  found. 

Again,  tnake  ZW  (;±  CS)  =  6iTccx,  bccaufe  the 

Ob. 
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tberefohe  the  line  PfFimhe'Pbm^  is  dia  Rep^ieon- 
€i#Q  of  the  line  PW  in  the  9uiidis|g:^    Mal^e  Z^, 
Zf,  ZCy  ZT>,  cqma  thdr  rf^eai9c  Heights  iQ  dsc 
■  Tabic, 

For  the  Poim  K,  make  CL  ^  44^^  and  through 

Im  dvaw  E  Z  iC  perpendMar  to  C^;  aUb  dnw  «>#£^ 

•:£  i^>  CG^  (ic  Uoqitiog  die  Tbp&  aqd  BpttqoK  of  the 

.S>O0ts,  Window^  ^c.   Aiter  this  Methi)d  &iay  e?ergr 

Mher  Part  of  che  Front  PK  he  laid  down. 

For  t4ie  returtied  Frm  4  W\  becanfe  C  is  ibe  Ce«« 
ter  df  <he  Kftpr^;  draw  FQ,  AC,  JSC,  CC^  %> C, 
determiniog  the  Heights  of  the  Wiodoi^^  C^c.  The 
Poiius  a,  b,  c,  €^  (^c.  mzj  be  all  laid  doorn  aocondipg 
to  their  refpe&ive  DimepCons  in  the  Tabic,  and  h  the 
Breadths  of  the  feveral  Windows,  (j^c.  may  be  d^ec^ 
mined. 

Thijs  may  any  other  Window,  Door,  Chimney,  c&*^. 
I>e  laid  down  according  to  their  apparent  JMagnitodjp^ 
withbut  fo  much  as  meafuring  a  fingle  Line. 

That  this  Compendium'  of  PerfpcftiYC  may  be  mote 
ufeful  aa^  better  ilnderftood,  I  (liall  infert  a  few  ni^ccT- 
fary  Theorems  of  Dr  JBr^i  Taylor^  feleded  from  Page 
^SSf  ^5^9  I57»  of  B'^i5Z^«cr*s  Suryeying. 

Theor.  I.  All  the  Lines  c^  any  Objed  (as  in  a 
Module  or  Building)  which  are  parallel  to  one  another, 
and  to  che  Plfhire,  will  be  reprefented  by  Parallels  oa 
the  Pifture. 

Th  E0&.  n.  Aljl  Lines  parallel  to  the  Module  or 
Bpildiag,  which  are  perpendicular  to  the  Pi^re,  will, 
if  continued  run  to  the  Center  bf  the  Piflure,  dio'  thcfc 
|?arj^kl$  be  or  be.not  all  m  the  iam^  piaae. 

Theo»; 


Sed.  VL  £/*  F  £  &'  s  p  X  iC  t.i  v  e.         ^t 

T'H  fio&;  Ui^  All  lines  ift  the  Mpddc  «r  B«3di«g^ 
pcrpendtedar  to , the  Jfane  o£  the  Horiidoiiy  vM  be*  U 
tbtt  PiAure  perpdidkiilalr  to  .the  boduDtal  LiBe;»flul 
thcCe  throe  Thttraat  ve  iuficiemljr  i^ifible  in  the  jpre^^ 
ceding  Example*  ^: 

Tu«o«.  IY«  All  Lifies  b the  Mctdbfc  orBtiMogf^ 
psralM  to  oae  another,  aad  to  the  Pbte  of  thereat* 
2011/  but  obmile  to  tjac  PiAure,  irfU  mdet  iiiifiiaie  ,pdlr 
Fdiac  of  the  horizQobd  Lhie.CF.  That  the  imilM 
Lme^  in  the  From  Wa,  moft  ia  the  Fcxnt  T,  tt$i  thofit 
i£  tb4<  Front  FQ,,  meet  in  the  Point  T.  Tbde  Pfints 
/^and  r  ari  %  Dr  Ja)hr)x9Mi  jUk  JI)bi%illgiVoAii» 
of  thefe  Parallels* 

Theor.  V»  ah  the  LinW  of  aa  Objefl  which  arc 
jnrallei,  to  one  another,  but  Qblique  to  the  Pi^hire^  and 
.D«t  ^parallel  to  the  Plane  of  the  HorizoQ,  will  be  rc^ 
j>rerented  by  lines  meeting  in  a  yaniihiDg  f^oint,  found 
hj  the  Iaterfe£tion  of  the  Pi6hire  and  a  line  ^rawa 
ifom  the  Eye  parallel  to  thofe.  parallel  Linss^  But 
this  TamfhiBg  Point  Will  not. be  in  the  hwkontal  Line, 
'bm  either  above  or  hdow  ic       . 

ThtEor.  .VI.  The  Shadows. of  aH  jparaJlel  >L&Je» 
.HMtde  i>y  the  Ittteife&ioil  of  the  ^bh's  ,R9y$»  will,  on 
the  Ground^  bcparallei  \  and  confequently  hi  the  Pic- 
care,  ekher  be  padralkl,  as  in  Theor.  I.  or  eife  sieet  at 
a  Point  in  the  horizontal  Lme,  as  inrXhe^em  IL 

The  kft  Example  may  be  performed  another  Way^ 
by  otic  of  the  bed  n€w4mproTed  Theodolites^  thus : 

The  Bearing  of  the  IVom,  and  the  ^re£liog  Niirn* 

ber  bei&g  foubd  as  before,  and  the  inftmment  duijr 

-adtjnlfaKl  at  ?v  by  &ttng  the  Index  to  '^60  on  the  limb, 

-and  the  Tddbopoito.o*  on  the mdcai  Arcb^and  brings 

.  ing 


3t»  Tie  Mv£  T  n  o  tf '     v        BttlLj^t^ 


iqg  the  dSIcedk  to  tU  ikc&ihg  NttH^^^-^H^:^^ 
Xefeftope  to  jP.  isi  die  BmUin^  tiA-nfae^aacg'^riU 
cm:;  oa  the  Lhsb  2 1  f  50^  and  the.  Ticiefeope  ttr  dK 
veracalArch  16!*  .30^  mhkh senur  ».^ymx it^  myTmsi 
ble  U.  with  the  Mark  \J,  denoting  ^oraum  f  tthcD 
dcprefs  the  Tcfefcopc  to  tV,  and  thfc  Indexes  will  give 
21*  50^'  on  the  Limb j  and  7*  oo^  om  die :>cfttcil 
Arch,  .'which  becaufe  it  iSian  Angle  of  Deprrffitnx  mnft 
be  not^  with  the  Mark:  K;  after  this  Method  iaK 
the  Angles  of  ^,  B,  €,  (fie.  I  have,  td  aVoJd  Cc^ 
fufion^  only  taken  a  few  Angles^  hy  which  the  Reader 
W0J  readily  diicover  how  all  the  Teft  nuijr  be  fptnuL 

' '  ]  To  draw  the  Plan. 

li'bough'Cthe  Center  of  the  Pifture draw  CVytht 
horizontal  Line,  and  /C^ perpendicular  thereto;  nuikc  ' 
C7"s=Cr=2any  Diftance,  according  to,  the  Size 'the 
Plan  -is  to  be.    With  the  Center  of  your  ProtraAor  at 
T,  prick  off  the  Angle  CTZ  sr  2 1  •  5 o',  ftnd  dra w 
the  Lin)5  TZ  to  cut  the  horizontal  Line  CV  m^-Zi 
apply  the  Center  9f  the  Protraftor  to  V,  and  lay  down 
the  Angle  XVC^i6^  ^o\  draw  TXto  cut  the  pcr- 
l>cndlcalat*  Line  Xf\nX\  through. -ST  draw  XP  p«- 
fdllci  to  CV,  alfofrom  /draw  ZP  parallel  to  CX.to 
cut  XP  tA  P»    After  the  fame  Manrjjer  may  te  found 
the  Point  Wf  with  all  the  reft  of  the  Pojnts  J//5i  €; 
(ifi.    FiG.  70.  . 

But  this  may  be  done  more  expedioufly  by  a  Scfldr 
thus :  Make  TC  (=  VC)  a  parallel  Radius'of  45  :  45  oa 
the  Line  of  Tatogcrtts,  take  the  pomllel:  Tangent' df 
2 1  •  5  of  and  fet  from  C  to  Z;  as  alfo  the  p&raHcl  T*b- 
gent  0^  i6'  30^  and  fct  ffOifiC^o*J^j«hm  the 4111- 

ral- 


S^  PiA        «/  P  4  »  »  ?  B?c  4-  »  V  t, 


3#5c 


ndldl-^«T%eiir-4>r  1$*  30^  ^  fet  ffOhuG  tb  ^f  ihoi' 
the^pua^  Ltefl»  ZA  ■3rF:bbiBg  drawn,  wWiMt^A 
faft  e«h;Vito9i&^l)eP<MU  P;.  after  the  Ham  Mam-t 
ncr^Daqr  tiie  -wher  idam  ^  M^  C^  &c.:  be  lbittd!«adk< 
fisfii^dt&ifetiitioBt  <i»^  < 
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iqc  « 1^  be  sJ  Qfiotlewian'tf  .Houfc<  Ao-pet^eMve 
of  wKich  is  to  be  t^crt  m  a  Plaoe  bbMgue  :to  ih«  Fr«jt* 
TO,j»]V^  from  r  the  Plact  ofObfervationJ  F^i^.'ji.'^ 

Plant  the  Theodolite  and  a  Staff  in  the  Liue'fiWi 
"which  is  the  Ground  Line  of  the  Pifture,  or  at  equal 
Diftances  from  it. 

iVefe.  If  the  ObBfimty  of  the  Plane  of  AePiaurc 
^ih  cither  Front  be  given^  the  Ground  Line  of  the 
Piaunf,  in  "Which  (or.  parallel  to  which)  the  Inftru- 

..  3D      '  *     racnt 


3,84.  2l&^MBTacH>^PftB.^«KcT^iVE.  BqolicIX. 

vm^  add  SaflT  «r^  fixed>  mud  be  fet  off  to  mkt  on 
A9£^e  V/ith  tb^  ground  Line  of  t)ie  Froat*  e^ual  lo  the 
QgoQtity  of  the  giTen  QbliqaUf  •  T^^idMc^  find  as 
before  the  diit^tmg  Nutnber,  aal  jplaot  |oar  Iheodo* 
lice  at  the  defigned  Station  T,  which  a^nft  ak  before 
in  the  lafl  Example.  Dircft  the  Telcfcopc  to  the  fe- 
veral  Points  P,  Ji,'Sy  T^  &c.  in  the  fiuilding,  anii  the 
Indices  witi  note  among  the  Divifions  on  the  Limb  and 
vertical  'Arch^  the  Diilances  of  theie  Points. 

;  Aflame  aiiy  Point  C  for  the  Center  of  the  Piflua 
and  draw  CY^  CX  perpendicular  to  each  other.  T^wl^ 
lay  <lowiias'belor^in_th4  lad  Example,  the  Line  or 
Com  PW9  with  the  feter^l  Points  ^,  B^  &c.  and^ib 

< 

the  Linp  ab^  Draw  P  a,  Wb^  which  produos  till 
they  meet  in  Y^  which  is  called  the  vaniihing  Point. 
Alfp  FR^  'f^Q^hm^  prt)duced,  intcrfeft  each  othw  in 
the  vanilhing  Point  7>  in  the  horizontal  Lmc  VC  con- 
thlued;  then  proceed  with  the  Fronts  ^2»>  ^^  ^ 
before  in  the  lad  Exa;npl^,  ufin^  the  Tanifhing  Ppbts 
as  you  did  the  Center  of  thie  PiAure. 
•  iThiff  may  alfo  be  perfornjed  according  to  jj«  fixond 
Method  lA  the  laft  Esample,  only  yon  mud  find  the 
Bearing  and  dire6fog  Nuinbet'  of  the  Ground  Xioe  of 
the  Piaure,  inftead  of  the  Front,  . ;   ; 


feookX. 


\ 


Soft.  L<^         D  K  F  I  H  I  T  I  k^  K'.' :    '       5#/ 


:  BO  a  K    X. 


lDtm)iifr  ^  Gfound  h  every  Part ;  the  Theory  an^^ 
Pradice  of  llevei&tg;  the  Method  of  fndihg  the' 
Vartatton  of  the  Corttpajs  f  the  Manner  of  Wsjbing 
*r  Colouring  of  Maps  or  Plans,  ' 

m 
|_.       _*      —  ..■,.,■  ^  ^       ^ 

D    E    F    INI    t    i    ON. 

DIVISION  of  Ground  is  a  .yery  ufeful  and 
neceflaiy  Brarich  of  praafcal^Srirvcying,  teach- 
ing us  CO  di^de  any  Plot  91;  Draught  lutp'  any  NUoSber 
of  Par^  99^y  ^  ^^M^IjT  according  to  any  afCgned 
TfttpGnion,  and  aqiording  lO  the  Quaanty  and  Quality 
of  the  Ground  about  to  be  divided. 


.   _j  I-      '     T  r""—  :  '  *      •      ■--.—■■    .--I ■ 


_       ['  '      .SECT.'t  ■■  ■ 
T^hifioa  rf  Ground  in  iftery  Pari. 


•   ••  <k  J 


fo  reduce  any  Number  of  \4cres.  Roods,  and  Perches ^ 

into  fquare  Unh. 

Rule, 

IF  thcNoihber  of  Roods  given,  be  i,  2,  or  3,  add 
40,  H&i  ot  i26  to' 'thfe  givj^n  Number  of  Perches  J 
that  Sum  timltrjJlJ^by  6k  $  (=  the  fijuarc  Links  In  one 

3  D  2  fquare 


^96       Drv  riloK  ^QtoiUH  l>.       Boolc^X. 

%aYe  Perdi)  that  ProddA  if  it  coiififts  of  5  Places  qF 
Hgiirc^  "write  after  the  Acres ;  but  if  it  doth  not  coii- 
fift  of  fo  many  Ilgtife^,  the  Defidepfy  muft  be  fup- 
plied  by  annexing  Cyphers  on  the  left  Hand;  and 
then  the  fame  being  placed  after  the  A^^  utriOgit^ 
the  Number  of  fguare  Links  required. 

'  :  £  X  A   K    P    L   £     L 

Reduce  6  A.    2  r.    1 8  p.   into  fquare  Link$ 
80  +  18  X  625  ^  61250  fquar.e  Links.  . 
Then  661250^  fquare  Links  in  6  Acres  2  n  18  ji 


#       » 


£XAMP]L£II. 

.  Reduce 4  A.  or.  08 p.  inttr' fquare Knks*  ^' 

e  X  S25  =  5000;  then  05000  placed  after  tk*  41   - 
'*^ll  give  405b<)o  iquare  Links.  ^ 

Example     III. 

Reduce  10  A.  or.  i  p.  into  fquare  Links. 

^n/t  1000625  fquare  Links. 

♦ 

E-XAMPLE      IV. 

Reduce  1 8  A.  jr.  1 2  p.  into  fquare  Links. 

jl9^  18S2 500  fquare  Links. 

f  &  op.    IL.  * 

Tc  lay  out  any  Number  of^cres^Z^c,  {fuppcfe  iS^cres 
3  r.  24  p.)  in  Form  of  a  Square  'A  B  C  Jf).    .^IG,.  39. 

Reduce  jhc  Acres,  t^c.  into  fquare  Links  by  Prop. 
I;  extra£^  the  fquare  Root  of  rbejr  Suip  (=:  a 8^0000); 

ivhofe 


wh^  Root  (a  I7it^)  is  tb?  3tde  of  the  required 
Squares   oq  which  (by  Prolx.  IJC.  Book  I*)  draw  ^ 


/    ■  \..- 

\          t          (C4       I. 

. .  r 

p  lb  Q  9w.  HL 

.     .1         •.  •  • 

V 

•V'.^^' 

a\ 

fi  /jy  mf  tf«jr  Number  of  ^crts  {fuppofr  34  ^cres  g  r, 
18-56  ^.)    in  Form  rf  s  Parallelogram  ABCD 
wbofe Length  AD  (=BC)==2  340  IJnks.  Fig^4o. 

Di?idd  the  Area  34  Acr.  3  ri  i  8*515  p.  by  the  pro- 
pofed  Length  2340  Links,  and  the  Qnore  145^>  will 
be  the  Breadth;  with  the  Length  2340  and  the 
Breadth  1490,  draw  (by  Prob.'X  B6ok  L)  the  Paratt 
Iclogram  •>dfi?'C2>.  Or  fuppofe  the  Breadth  begivea 
ioftead  of  the  Length  ;  then  the  Area  divided  by  the 
Breadth  quotes  the  Length ;  by  which  you  may  <lraw 
the  Parallelogrant  as  above. 

?  R  o  f^    TV.  .  '». 

0  lay  cut  ^ny  Number  of  Acrit  {fuppofi  13)  i«  «. 
^triangle  ABC,  having,  its  Safe  AC  given  and 
equal  to  ,25  Chains.    Fig.  4U 

Divide  260  fquarc  Chains  (the  double  Area)  by  25 
Chains  (the  Length  of  the  Bafe  AC)  and  the  Quotient 
10-40  is  the  Lenjgth  of  tbe  Pa-pendicohr  £ 2) :  Ot 
fcppofe  5  2>  c=  1 0-40  Chains,  giveo,^  then  7/^*  s^v25 
Ojaipft  the, Length  of  the.  Bafe  ACi  fcy  wbiob  you 
way  draw  the  Triangle  ,^5  a 


♦       I 


Prop.V. 


Prof.    V. 
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3i  y&rf  ii  Triangular  fiM  ABG  C9ntaimng6^  J^uaf^ 

Chains^  between  two  Ptrfms  A,  B;  Ate  Auw  215, 

,0nd  B  ^i&tf  Remaijider  457  ;  /cT  AV  jPat/  lie  ttwards 

the  Comer  A,  and  Ws  next  the  Corner  C,  and  bot^  ti 

•    enter  at  one  Gate  B  in  the  Comer  ef  the  Field.  F1G.42. 

By  the  Scfior. 

'  T^e ^Cin  yo«  Comp^a,  aod  make  ie  ti  H^  Radios 
to  650 '.  650  oa  thi*  Une  of  Lines ;  then  take  the  Q  ^ 
DIftatice  2ij:  213  and  fet  from  •/tf  to tDj  and  drair 
tbc  Line  i?2>  for  the  di^ificnal  Lme  of  the  Field;  io" 
Ailt  tho  t.ABT>  be  ?s  21;  Qiains  the  Share  t&Ji^ 
ad  thfe  &  2>  A  C«  437  the  Shard  of  &  '  . 

A  K  I  T  H  M  E  T  J  C  4.  l.  !.«  y» 

The  Area  being  =  650,  of  which  A  is  to  have  213, 
and  J?  the  Remainder  437;  therefore  it  will  be,  as  the 
Arc?  of  the  A  AB C  650  :  Length  of  jiC  52::  Area 
pf  the  d  AS7>  2ik'  LengA  of  J^2)  I7/tV;  their 
makeyf©  ;s  17/^^^/  andMraw  the  ;diyilio(nal  Line  or 
Hedge  £  7),  as  before.  ■         ' 

\    •         /  Prop.   VL       '   ;  ' 

Let  ABC  be. a  Triangular  Fi^ldy  which  is  to  be  divided 

betxveen  two  Perfons  A>  '^  am^'both  to  enter  at  one 

.  Gat^  D,  at  or  near  the  Middle  of,  the  Hodge  BCj 

now  fuppofe  the  Content  of  the.  Field  d  2  8000.00: 
fquare  Links ^  of  which  let  A  ha'oe  800000,  and  B 
the  Remainder  2000000.    Fig.  43. 

-'  '  B7 


Bj  die  S^Qor. 

'  Draw  D-^  from  the  Gate  2)  to  the  oppofite  Comer 
•y,  aHb  draw  B  jT*  ft  to\/f  5>  to  cat  ^5  m  F;  tiien 
draw  2>jP  for  the  dififionall  tine  or  Fence  j  ib  is  the 
A  t>BF  =*  800000  the  Share  of  ^,  and  rheTi^pc. 
:^um  jyPAC  ::z  2000000  the  Share  oP^.       '     '  " 

AHITHMETICALLT. 

The  Area  of  the  Triangle  ^BC  being  found  sa 
aSooooo^  and  the  Ar^  of  the  Triangle  !Z>  ^^  = 
iooooo  fquare  LinkS)  and  the  Length  oi  jiB  ^  2400 
Links,  JS  !D  .=i  1000,  and  J?C=:  2360  j  thfn  wil| 
i  £  be  i2  ,VfVV«  of  ^C;  hut  A%VV«  is  te  *  in  its 
leaft  TTermsy  and  therefore  -8  £  is  =2  ^  of  3  C,  ss  j  of 
2360  :=  674^;  then  to  find  the  Point  F  to  xiii)9:Ii 
the  Line  of  Divifion  is  to  be  drawn,  the. Proportion  i^^ 
(by  Prop.  XIL  Book  IL  Eimrfiti's  GeOra.)  as  5  C  = 
2360  :  B^  =  2400*: :  J5JS  =  674;  :  BF  =,  i6i«4 ; 
then  make  J5-F=:  i6i8|,  and  draw  the  divifional  Linp 
25/1  as  before. 

Prop,    VIL 

To  divide  a  Field  in  Form  of  a  A  ABC,  between  t'lm 
Perfons  A,  B,  by  a  Line  parallel  ta  one  of  its  Sides 
AB;  A  to  have  620000,  aifd  B  the  Remainder 
lyiT $00  fquare  Links.    Fig,  47. 

By  the  Seftor. 

As  the  diviiional  Line  is  to  be  parallel  to  AB  it  is 
pl;un  it  muft  cut  ihe  other  two  Sides  ^C,  BC.  Then 
(by  Frqp,  V.)  divide  ^C  ixi  Proportion  as  213,7500; 

'6^0000, 


3^       Dtristdif  ^6kb«irbv^      BookX 


620000,  -^^Ich  will  give  the  P<mit2>.  Witfc  i  ^C 
6ac  a  Radiiu  defcribe  cbc  SemictrQle  JlECp  tndieqia 
2>  crcft  the  PerpendiGubr  ©jg,  tocot  the  Semicirck: 
in  £^  7'ake  C£  in  your  Co^xpaSes,  and  fee  from  G 
to  P,  alfo  from  Fdraw  FG  \\  ABf  whkh  will  cut 
Be  ia  (?;  fo  will  the  A  C/tr  be  =  feoooc^c  thj 
Share  of  ..rf,  and  the  Trapezium  ABGJP  ^15 17500 
fquare  Liok^  the  Share  of  £. 

—  Arithmetic  ii^LLTi 

liiride  ^C  (=r  2850).  in  Proportion  a$  21375005 
620000,  which  will  give  C^D  ^  826^;  then  ^nd  a 
mean  Proporticxi  between  2850  (^  AC)  and  826$ 
(=  CjD)  which  will  "be  15  34*92  (=  CE) ;  'then  make 
Ci^s5  1534*92,  and  draw  FG  as  before. 
.  Now  to  fet  this  off  in  the  I^ield,  meafure  with  your  *. 
Chain  from  C  towards  A  and  B^  and  at  the  End  o£ 
1534*92  Links  place  a  Mark  J^,  as  alfo  at  1340  fet 
another  Mark  G ;  then  run  a  ftraight  line  between 
the  two  Marks,  cutting  an  Hole  in  the  Ground,  at  the 
End  of  each  Chain,  &c.  which  will  be  a  Guide  for 
making  the  Fence.  •  - 

P  n  o  P.    VIII. 

Suppofe  a  Field  in  Form  oftbeAkBC^  wbofe  Area  is 
=   l9'35ooo  Acres;   from  one   Side   (=  B C)  ^of 
whicby  7*52000  Acres  are  to  be  fet  tff  in  a  fr^tf- 
pezium^  the  diviftonal  line  being  to  be  drawn  parMel 
to  the  Side '^  C    Fig.  44. 


By  the  Seftor. 
It  is  plain  from  the  Figure^  diat  the  line  of 
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S6A«L        Di  V  f  sii6N  ^G&on  N  D«^       ^t 

&m  vdSd  iat  the  Sidea  ^S,  ACL  Theft  from  the 
Area  of  the  A  u/ J9C  (a  19-35060)  fi;d>cniift  the 
Area  of  the  Ttfapezium  B  G  FG  (=3  7*52000)  the 
Remainder  1 1*83000  is  the  Area  of  the  A  ^  6  F. 

ThcQ  divide  AC  ia  proportion  as  19  35000  t 
11^3006/ which  will  give  the  Point  2)  ;  then  with 
^  wdfC  for  a  Radios,  defcribe  the  Semicircle  ARCp 
and  draw  2>  £  x  toAC^  to  cat  the  Seniicirde  in  £; 
make  A  F  =  AE^  and  from  F  draw  FG  parallel  to 
CS,  to  cut  ^^  in  Gy  compieaftig  the  Trapezitim 
BCFGy  wbofe  Area  is  =  7*52000  Aqres  as  was 
rehired. 

ArITHM£TICAI.LT« 

From  the  Area  of  the  AA£C  take  the  Area  of 
the  Trapezium  BCFG^  the  Remainder  is  the  Area  oi 
the  A  A'FG  2=  i  r8  jooo^  as  abave*  Then  divide 
v^C(=:i8oo)  in  proportion  as  1935000:  118300^ 
and  you  will  hare  11  oo^^  s  Length  of  «^  tiP ;  alfor 
find  a  mean  FropG«*tion  between  -1800  (pAC)  and 
iioojj  (^  AD)  and  you  will  have  1407,  which  fct 
from  A  to  F,  and  draw  the  Parallfel  FG. 

Prop.    IX* 

Z^  A,B  C  be  a  triangular  Field  to  be  divided  amoHg 
five  ferfoni  infuch  Manner^  that  every  mejball  h(^e 
^  ff^.  Benefit  rf  a  Fountain  D,  in  the  Hedge  AC;  re- 
quired the  Pojition  of  each  PerfotCi  Share.  Fxg»  45. 

Htzvf  B  ©  from  the  Comer  5  to  the  Fountain  Z), 
and  divide  the  Bafe  AC  into  five  equal  Parts  iti 
GfifyS,  Fi  fmw  each  of  thofe  Pointy  and 'parali^l 

«'.   .  3  E  t« 


^        Diri.t'1 6N^6a.ou.K-B<^      BookX 


to  J2)i^  draw  GI^  HK,\EJ^  2nd  FM^ 

the  Sides  of  th^  A  ia  lyKj^l,^  M}  then  from  ID,  to 

dach  of  thefe  Points  drftw.the  Liaci.  JQ  /,  7i  K,T>  L, 

and  2>  M^  which  will  divkle  the  given  J^  ^  BQ  ioto 

five  equal  As  ^©/,  /©Jf,  JTZ)/,  L'D M^  and 

M^Qy  each  of  which  is  the  diftia&  Sbai^($  of  each 

Po-fon* 

P  R  o  p.    X. 

Sufpo/e  «  F/VAf  19  -fS^rffi  ^/i^  Trapetfum  AB  CE,  C0^ 

..taimng.^z  ^cres ;  tpbicb  is  to  be  divided  ieiween 

two  Per/ons  A,  B ;  A  being  to  have  1 1  Acres^  and  B 

30,  and  both  to  enter  at  one  Gate  A ;  A's  Part  or 

Share  being  to  lie  next  the  Hed^e  A£.    Fig.  4d. 

Reduce  the  given  Trapezium  ABCE,  by  Prob.  2  if. 
Book  I.  to  the  Triangle  Ej4  F.  Divide  the  Bafe 
EF  \ii  proportion  as  42  :  12  by  Prop,  5.  which  wih 
give  the  Point  2> ;  to  which  draw  the  Line  ^2>  ;  fo 
Is  the  A  A7>E  :5=  12  Acres  the  Share  of  A,  and  the 
Trapezium  A  BCD  =  30,  the  Share  of  B. 

P  n  o  p.    XL 

I 

Suppofe  a  Field  in  Form  of  a  Trofezium  ABCD,  wbofe 
Content  is  =  56*92500  jicres^  which  is  to  be  divided 
between  two  Perfons  A,  B,  by  a  Fence  drawn  from 
the  Gate  F  where  both  Parties  are  to  ent&  ;  A  being 
to  have  ^y ^^000  Acres  laid  off^  towards  the- Side 
AB.    Fig.  50. 

Reduce  ABC^  to  the  A  EFG  (by  Prob.  21. 
B6ok  t.)  and' divide  the  Bafe  EG  ia  pro^nion-  as 
56*92500:  33*35000  (by  Prop.  5.)  Md  draw  tfar'difj^ 

.  fional 


Se^Ir^      IXt-^  t  iiVn  of  Ci^rt^v.      ^5^3 

fidoal  UatFHi  fy  flull'thf  Trapt^iOa  Ji^'A F be 
ss  33'35Doo  Acr«  tfe.tShare  Of  ^,  aM  thie  Tiraptteitai 
f£€Hts  23-57500  Acre*  s=i  the  Share  of  A   - 

.    -  ■  .'•,.: 

P  K   O  P.     XIL 

Xrf  A  B  C  D  E  P  G  ^^  an  hregiitttr  Pitrrel  ifGroukd, 
whofe  Area  is  it:  x  I0'42a2  5  Acres,  ibbicbisfobe^^ 
videdieiween  two  iPtrJbm  A,  B  y .  of  which  A  //  /^  M^^ 
53.47025  v^rr^j,  afid  B  the  'Remainti^r  $6'<^$oo^; 
the  Line  ofTHvifanto  be  drawn  from  the  Corner  A 
and  the  5  3*47025  Acres  h  he  laid  off  next  the  Cor- 
ner Yi:    Fie; 48*'  '••..''     ''  '   \  ' 

Firft  ditide  the  Plot  into  l^rianglc^  or  Tcapcziuqas ; 
then  bcgiiming  with  the  Trapcz^uru  A  BCD,  find  the 
Ar^a  or  it  ==  4r8oQ25  ;  which  lieing  lefs  than 
53;47az5  (=?  .i^^s  Share^  add  thereto  the  Area  of  the 
next  L  A  b  B  ^  1^-32000,  and  the  Stim  61*12025 
being  greater  than  53*47025  by  7*^5 obd^  cut  off  from 
it  (by  Prop,  5.)  the  A  AEH  whofe  Are^  Is  =  that 
Eiccef^  \  io  h  AH  ih6  lixk.  Line  of  EKvifiOft,  making 
ABCDH  =  53*47025  Acres  the  Shaire  of  ^^  kod 

AHEfG  S5  5  6*^5000  Acres  the  Share  of  i?, 

* ,  ♦  ...» 

P  4  o  ».    XIII, 

X^t  ABCDE  be  a  Field  given,  from  which  i&i  ^500 
Acres  are  to  pe  fet  off  in  fuch  Sort,  that  the  Fouri- 
tain  0  at  or  nedt  bhe  Middle  thereof  nia^  oi  tn  Com- 
mon to  both  Parceis.    Fig.  49. 

The  16*18500  Acred  being  to  be  fet  off  towarcb 
thcSidzAB,  <irawaLinc.*/i©foronccf  the  diYf- 
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|a«i1  JUioe^ ;  j:bqa.4ntv  jB  <^^  .«°4  qd<30bee  tbe  Area 
(of  thiftA  «^0  J?  (by  Broix  sS.  £bQk:2.)  ^  lo-o^ooo 
Atrcsj  jvhich  isetug  tefa  ^hsui.  16*18509^  add  tberao 
t)|f  Airet  of  che  next  A  ^  0  C  =«  9*42500,  aad  the 
$am.  19*44500  bemg  greater  thaa  16*18500  (=r  the 
AGp:ef  rj^uircd  ^bc  fet  off),  cat  off  the  EsffCc(%  3  -^  6006 
(jbyiPcop,  5;)  from  the  A  JS  0C,  and  ^raw  the  diti- 
ftial  Line  0  F;  fo  (hall,*/4-Bi^  0  be  ??  ifriSco^ 

'   '  Prop.    XIV. 

Ji^t  DEFQ  be  a  Vaflure  belonging  to  thne  Perfous  A, 
B,  and  C ;  which  \s  to  be  divided  among  them  ac^ 
cording  to  the  Number  ofGraffes  each  Vetjon  hath  * 
Hhsficppofe  "tbi  ^hbie  Number  tfCfraJes  to  be  1 8, 
'  if  which  A  bath  four y  ^fiXy  andQ  eight ;  and  the 
-  Kxfound  ufon  View  appears  to  be  all  of  equal  Gcodnejs 
cr  Quality  ;  required  the  Potion  and  Number  tf 
jicris  oftach  Petfor^s  Share.  '  Fig.  51. 

^  1%  a  Work  of  thi&iKiDd.tbe  Surveyor  mtoft,  along 
wkb  the  Fpoprietors  (or  PcrioDs  poncomed  Jn  the  A^ 
fair)  yn\k  over  evesy  Bart  of  the  Ground  about 40 
be  fi^sveyed,  in  order  to  examine  the  Qualietes  then** 
c£  And  if  the  Ground  in  eyery  Part  theKoF^  be  found  to 
be  of  equal  Goodnefs  (as.wew4lifupp0fc.it  to  be  id 
j&e  .prefer;  Cafe)  thea  there  is  no  more  to  be  done, 
^ut  \Q  take  a  general  Survey  of  the  Whole,  according 
to  fome  of  the  Methods  before  given;  a  true  Plan  of 
vhich  mufl  be  obtained,,  and  the  fame  carefully  and 
.accurately  divided,  ;^s  ihail  beihevm  more  fully,  here- 
after,   Bu^  if  th J  (Sfound .  be  f9ij!id  .gf  di&rott  <^^- 
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Iktcs  (as  it  ahnoft  frequeotlif  b)  then  crctfViattt  tntift 
be  flaked  oot,  and  the  whofe  filr?eyed  a$  fo  many  difr 
iierent  Parcels  or  Incbfbres,  a  tme  Plan  of  wbkh  tniift 
be  drawn.  Then  let  the  Surveyor  require  the  Pro- 
prietors or  Commiffioaers,  ix>  t alue  each  of  the  different 
Parcels  of  Ground  fo  iSaked  out  as  sfbote,  and  that 
{hey  jdq  it  Tery  jDdicioiifly :  As  to  the  Rates  of  Yalue% 
•c  is  no  ways  material  what  Suras  are  inade  Ufe  o^ 
rprdyided  there  be  but  ajuft  Proportion,  adctfrdtng  to 
the  Di&rence  in  the  Qualities  of  (he  Ground ;  for  it 
is  all  the  fame,  whether  the  Rate  be.  5/.  or  5/.  or  5<i 
per  Acre>  fg  9s  there  be  but  a  juft  Equality  a  .^  Ra? 

The  Values  or  Rates  being  obtained^  calculate  by 
the  Bj^]c  of  Pro[k>nioa,:  the  Amount  of  cfae  ^Yalues 
pi  tbe  feveral  Parcels  of  Ground)  acQOiTding  V>  ihehr 
reipe6h?^  Rate^  whgte  Sumihall  be  th<.  Value;,  of  jhe 
Ground  wbicl^  is  tp  be  diyided. .,       ^ 

Then  calculate  each  Perfcm's  Share  oC  the  faid  V?lue, 
jnrhich  is  readily  done  by  the  Rule  of  Proportion,  pay- 
ing a^  the  Total  of  the  Grafles  &c.  :  Tbtal  of  the 
Vakea  : :  eaph  Peribn's  Graffes,  ^c.  :  his  Share  of  the 
Value  or  wiiob  Amount.  Or  thus,  as  the  Total  of 
the  Graffcs,  £^f.  :  Total  of  the  Vahics  : :  i  Grafs, 
(^c.  '  its  Share  or  Part  of  the  whole  amount.  The 
Value  or  Share  of  Money  bekxiging  to  i  Grafs  being 
.^hus  determined,  if  by  it  be  multiplied  each  Perfon's 
Graffcs,  the  Produ£^'will  be  bis  Share  of  the  Value  or 
Amount,  according  to  his  Grafies. 

Each   Perfbns  proportional  Share  in  Money  being 
f hns  determined^  the  next  Thing  to  be  done  is  to  givq 
Land  equal  in  Value  thereto;  but  befpre  that  can 

be 


he  done,  it  muft  be  toafidered  in  whtt:  ^rc  ot  Graond 
fueh'ShttPe  w)H M,  vrUdi  beingkoowiiy  the  hiotnbcr 
of  Acres  ihereio  bdotigmg  maj  be  retdtly  foand^  by 
iay kg  afs  the  Total  Yaittc  of  the  Ground  Aieh  Share 
fliatt  (ktl  In  :  the  Acres  eauaia^d  theran  : :  each  Petu 
fea^s  Skfare  hi  Money  :  his  Share  iti  Laod.  Thefe  (^ 
Tentl  Shares  thus  difeovered^  wxA  be  (et  off  id  the 
Bai^,  as  fiuA  be  flieim  more  folly  hereaittr* 

Ei^t  ifi  the  {ireieiit  Cafe,  the  Groimd  vidiin  the«  Pka 
is  aif  of  one  Qoaltty  or  Sort ;  therdMe  the  Qhaxttfty 
IS  odfy  to  divide,  wkhoat  ctofiderlog  tbtf  Qoriity  at  adf; 
and  ther^re  fn^pcGsg,  iipoo  a  &ir?ey^  the  GoDteilt 
of  the  whole  Pafturc  =  $Tos6so  Acres ;  then  by  die 
Rute  of  Thr^  fiy,  as  18  (r:ihe  Gwffcs)  :  i7'o}6so 
(sa  Acres  b  the  whote>  : :  4  (a  .^fi  Gr^es)  : 
8«23478  (s.^  Share  of  Acres)}  i»  like  mahner  JBk 
Share  is  fbonds  it^^s^i6  Acres,  aad  C^s  s  1 6  469^i(t 
Acres,  then  8-23478  +  12-3521^  +  15^46^56  3t 
37*05^550,  a  Proof  of  the  CafenkiFton. 

iThen  fet  off  each  Perfen's  Shane  m  the  Plan  thai, 
Draw  a  Line  at  Pleaibfe  rikrough  the  Pls&,  as  the 
Line  ff  />  whkh  misk  be  fo  drawn,  as  that  the  Area 
of  the  Space  cut  *ff  by-it,  may  be*  «•  nearly  eqnal  as 
poffiMe  to  thepropofed  Qpantity,  that  t^-Af  near  iras  yoti 
can  imagine ;  then  cdttipme  the  Area  of  the  Pare  2>  JE 
HI^  <5»9o258  Ac«^,  which  being  lefs  then  S't^^'/B 
(=?  ^'s  Share)  by  1-45220,  dr^ide  the  hid  Deficienqr 
by  1540  (=s  Length  of  MI),  and  the  f^otient  is  9jj 
then  drawn  KI  II  to  HI,  n  ^j  Links  Diflancefrom  it, 
which  wift  bte  the  divifionaf  Line  in  thePhn,  ftHEd« 
ehtly  near  the  TVutfh  r  Bu«  to^  be  ihore  exaft,  find  the 
At^  of  the  Space  H^fil^^K^  ^'4^7SSi  ^k*  fc«ng 
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fofiiewbat  lefs  tfaaa  t'432209  difide  the  DXePOHe^i^ 
hy  the  Length  of  L£i=:  1530,  and  the  C^oce  crj 
links  added  to  9^  (^  the  firft  Breadth%  the .Su». 93*3 
Links  13'  the  conrcflied  Breadth }  therefore  if  a  line 
K  L  bethaim  panaUd  to  HI^  u  93*3  Links  di^lance 
from  it^  it  will  be  the  true  diviCooalLine  ia  ihePlaou 
Thenior  J'a  l%are^  draw  P  M  ||  JTX.^t  Mff  ibp-» 
pofed  Diftane^  and  compute  the  Area  of  the  Pairt  Ki^ 
PM  s:  10*33616  Acres,  which  being.  lfi&  thaa 
12*35216  b]Sr2*oi  600,  draw^aaother  LbeiiO  U^,^PM^ 
and  find;  tfait  Area  of  theEart>  PJi/Qiia:  3139200, 
which  bebg  greater  than  2-01 6«>o  hj  1:376009.  ^i'^ide. 
ibe  Escefs  1-37600  by  1600;  (=:  ilO)jaod  tbe.Qj^tin 
cnt  is  86;  thcrcferftdrawj^A^  II  RQmih^  DiAiWCO 
of  86^  whidi  is  the  Line^pf^iQivifiop  ip  the /JPlao^ 
Thea:CO0B|nitc  the  Area  of  tha  re»Hiioji^  Pant  NFCQ^ 
l^t  for  C;  ax2d  if  if  pioc»B<j*  10:1,^-46956  Acres,,  ibf 
Work  of  DififioojSi  truly  perfrnftc4ii  .l«it  if  it;  arooi^ii 
to  either  more  or  1^  ^hap  i6'4685(i,,th^rc  is  a.Mif*-, 
«ike  oMamicttd  in  the  W^k^  whif  h  QH^A  N  c^rire^ 
before  you:  cam  bate  a  cvue  PitWi  . : 

f.  The.  Phm  being  ditick4:  Jbe,i«xi  Work  if>  ^to  fet 
off  the  feveral  Shared  on  th^Gwaipd ;  m^«»g  pf  wjiicli. 
there*  is  not  the  leaft  Kficulty # .  for.  taJcing  ysiir  ipjan 
itttdthe  FieUb  or  ftifture,  fu^iii^,.t|p|«Piftaiaceci9thci 
Il«n:hetwcn  tSXir  rind^tbe  Pm^a  o-j^zs^  Uj^s  r  jhcii 
mti&u^m  ihc  BeU.from.  0i  towarc^  <d?,.  aa^  ac 
the  Didance  5^2-5  place  a  Mark,  tbr^gfe which, ^e^dir* 
^viisQiML  Line.ii.  tfa  be:  dra^  fr<to  ano^er  i^ferk  here- 
after to  be  placed  00  the  oppofitf  Sidftjofithe;Gr^|>p^ 
l^em^meafiiicviihei  Djftancei  kitahe  t^x^  kaat  .03  tp  b 
si».M4^2jok^  (iifaeiQ2ib«.Pkuit^j|iMA^0frMKRei^ 

the 


^»       D1VI8 10^ '^Gtov^N.^      Bo^k 

the  diYiiianal Line  Q;,N  aod  die.trMerfo  l^ioe^t  3V 
aadiu  Mke  aaBoer  as  j>cfore,  meafunt  &dat/09  m  t\m 
Groand  cowards  0  2^  and  at  the  £Dd^.ci£^oo  UtiUi 
jdace  a  Mark  in  the  Ground,  by  which  the  next  divifi- 
onal  Line  is  to  be  drawn.  After  the  fame  Manner  meafiire 
the  other  Diftances  Sc^  i  o  i/,  m  the  Plan,  and  fix  Marks- 
as  before.  Laftly  ruii  flraight  Lines  aqnof^:  the  Field 
between  the  Marks  a,  d/md  b^  Cf  making  Hc^es  ^md 
driving  in  Plugs  at  the  End  of  every  2,  3,  &^*  Chams^ 
fo  is  the  Work  of  Diviiion  fairly  complcatcd*  - 

If  the  Diilauces  be  fueh,  as  that  the\  Mark  d  caimot 
be  feen  from  the  Mark  a,  or  the  Mark  cfr^m  the  Mirk 
i,  being  prevented  by  the  Interpofition  of  fome  Hill^ 
&c ;  then  take  your  Theodolite  and  fix  it  up  (fuppofe 
at  a)  in  the  Ground,  and  fet  the  Index  on  the  Limb  to 
the  Degree^  6?^.  of  the  -i:i  i  ad;  then  direfting  the  fix- 
ed Sights  to  01,  look  through  the  moveable  Sights  in& 
order  an  Affiftatk  to  place  a  Poll  in  fuch  Direfiion,  that 
the  vertical  Hair  fliall  cleave  the  fame ;  then  if  you  can 
from  that  Poll  fairly  dif<!em  the  Mark  d,  continue  the 
fameftraight  Line  thereto  ;  but  if  the  .£tme  cannot  as 
yet  be  feen,  then  have  Recourfe  to  your  Theodolite 
again,  and  proceed  as  before. 

If  it  be  a  Theodolite  of  the  bed  Sort,  fix  the  Index 
to  3  60  on  the  Limb,  and  take  a  Back-fight  to  0 1 ;  then 
fix  the  Index  to  the  Degree,  Ifc.  of  the  -^  i  ^  rf ;  and 
looking  through  the  Telefcope,  dire^  your  Afiiftaut  to 
place  a  Poll  as  before. 

Note,  When  you  make  the  genehd  Survey  dbfenre 
to  mark  and  Number  every  Station. 

Having  been  very  fuH  and  copious  in  thi^  Prop,  in 
demimftrattng  the  bcft  Mctfaodi  of  IKvidiag^fr.GKKindl 

ac- 


«M(n<£ng  't6  ^QouKitf  and  Qoafiiyy;  i  (h#  v^ertfovtf 
for  the  future  be  as  ctndfe  a»«ia^  be,  wfelrtiDg'biily  the 
crfcuktite  Ru«  of  «bc  Work.'    '  <...•-. 


•  1  i  ■  ■* 


•       P   R    OP.      XV. 

Let  D  £FG**'  a  wmwow  i?(f  Ai;  dttd  the  Property  if  three 
Terforis  A,  B;C;  voBicb  if  to  be'  divided  among  fbem 
according  to  the  yearly  Value  of  tbeif  Ejfaterynow 

■  fuppofing'  A'j  Bjlate  worth  25/;  a  ^eari'&is  35/.  rf 
Tear^  and  Cs•'J^ol.  a  Tear  ;  required  Hx  VlunAer  cf 
^ret  each  Ferfon  hath,  and  the^  PifSfwi  af  their 
'Shares.    Fig.  52;  -:  .        - 

Th?  Content  of  the  whole  Fiejcl  being  =  3  3*4  249a  ^ 

Acres^  as  found  by  a  general  purvey ;  and  the  Amount 

of  the  yearly  Valaes  <tf  the  "fiftates  c&ji,  B,  and  C, 

being  =  too/. 

-  Then  513S*?£Ji2i  s  iS'asdfc?  Aorcs  =«  vif?  Part. 

^3-4^490  X  3;  _  J  p^ft^ja  Acres  =  iJ's  Part. 

100        '  . 

? 3-42490  X  40  -  i3-3«996  Acres  =  CTs'Part.' 

Then  by  the  laft  Prop,  fet  oi'DEHI  (in  the  Plan) 
=  .9-35(522  Acres  =  v^s  Share,  and  IHOP-  iv6^^1i 
Aci«s  a  B^JSharej  fo  wiU  POFG  be=  13-3(^996 

"^  Cs  -Sbcirc*  ' 

Tkt  Plaa"|>eing  divided,  fet  off  (ach'JPcrfoofs  Shari 

in  the  Field,  by  Prop.  14. 

^R  OP.  XVI. 

•        ■  •'I       .  . 

Let  DEFG  he  a  common  Pafture,  which  ih^  be 
Mhided'aceoniit^to.^faatityaftdjQf(dity>  anm*^''^ 

3  F  Pffi^ 


P€9fin$  hy  %  ami  C^  M»dhtg  iv  the  ffwiber  ^ 

Gfi^tAchP^rfimlMh^  let  t^sOr^es  bt  45,  B't 

•  34,  andC^s  21,   j«^/  the  Gnund M>f  tiM  Sorts  ^  re-^ 

quired  the  Pcfition  cf  each  Berfot^s  Share.   Fig.  53. 

liCt  GXXJF  be  113  Acres,  ar.  307926  p*  =the 
Arjca  of  the  becxer  Sbf%  of  Grouix],  aod  i:>fiKL^ 
51  Acresi,  1  n  17-3^24  p.  =  Area  oF  the  worfc  Sort ; 
then  III  Acrc^  an  30^7926  P/-^  Si  Acres,  ir, 
17*3&24  p.  5=i<5  A^rcs,  or.  ^1550  p.  s=  Area  of  the 
whole  Pafture*  Thcii  11  j  Acres,  2  r.  }07926.p.  at 
2  o  /•  an  Acre,  is  =  22  73-849072  /.  s=  Vatac  of  the  bet* 
tcr  Sort  of  Ground,  and  51  Acres,  i  r.  17*3624  p.  zi 
t$l  M  Acre,  «  a:  770-377728/.  S3  Value  af  the 
Worfe  Sort;  then  a273*84907«  +  77^*577728  a 
3044-22^80/.  sr  Value  of  the-wbote  Rfturc. 

Then  45  +  3^-4:  21  =  100  rs  Nmnbgr  of  Graflcsj 
4lfo  32i£2?6_^o21jiJ_  ,j<jj,.pojo<5/  _  ^»s  Share  of 

« 

the  whole  Value,and?^^iili^^-4-t=  1035-037112  A 
5=  C's  S^re.  Now  .^'s  Part  falling  entirely  among  the 

good  L.^,  'i5te^g^^i|g:9o^  ^  ^g.  A^.^ 

J  r,  39'3i<J5  p.  =  ^'s  Part  or  Share  =  GNMF, 
Then  2273-849072  —  1360  90206  =  903-947912/, 
=  remaining  Part  of  the  better  Sort  of  Ground,  which 
islefs  then  1035-037112/.  (=  ^'s  Share  of  the  Value) 
by  1 3 1-090 1 00/.  therefore  '31-090100  _  g^^^  ^  ^_ 

S8-2vs>44  p,  whicli  ilid  ti»  ii»c  Phrt  XfLKM»  w^ 

give 


giorc  53!  Aciro^  jf.  t^^^fos  p.=*  NIHM^  SbAre 
QT  Pare  of  ^.  Tbea  the  veo^iDing  Van  iliE^H^ 
42  Acres,  2r.  19-0680  p.  =  the  Share  ef  C  The 
(kQ  bdog  divided,  -ftt  off  cacb  Piei^n'^  Ihu^  ^  Cbv 
Ground,  by  Prop.  14. 

2  x<yt.  xvn. 

Sfifp^€  AB C D  a  common-Ft^ure^  wkkhifto  be Soii^^ 
ed  among  five  Perfom  accordim  to  the  Quantity  and 
Qitality  of  the  Ground.  Let  A  Ixave  an.EJJtate  worth 
8oi  a  Tear  J  B  an  Eft  ate  worth  ^8/«  d  Tear^  C  a» 
Ellate  worth  37/.  a  TeaY^  D  an  Effafe  worth  «'87.  a 
Te'ar^  imd  E  an  Eft^ttt  ^o^mh  97/.  a  Xioft ;  eath' 
flerJmV  Si^re  /a  l^e  in  Fro^oftwatoJbe^yewrfy  Vahm 
|f  hi^  Efinte ; -reifi^Ked  the  Pqfition  of  the.Jktferal 
SkarcM^  wk6  iJpA  ^reA  e^^'med  theMn^    V\ q« 5 4. 

The  Ground  being  (bleed  qui  by  the  Proprietors,  oc 

Commii&oaersy  i$  of  three  Sorts,  viz,  GoQd^  Bad„  a^d 

ladiffgrcat;  let  ^EpG  H^t)  hc  =  ^^    Act.    zr. 

17-6128  p^  of  good  t^ad,'  alio  E  IKIVH=  79  Acr. 

1 1.  i\f}j6,o  p.  of  bad  Laud>  and  iMCZK=  56  Acr^ 

jr.  I3'4^8p.  of  indifferent  I/and;  xhQn^EFGFPD 

^MdKWH^  IR  QZ  Jfj^  ^BCti^  129  Acr,  3  r, 

U^Qf^SfkThtn^^Afti  z  r.  17*61281  p.  at  20/.  aa 

Acre,  is   1872-20160/,  ^.  Value  of  the  good  Land  j 

*j^  Acr.  I  f,  2-9760  p..  at  ic/.  aa4ve,i3  792-68600/, 

s^YafeieQfthebad  UwdT;a»ds4  AQr-3  r.  33-4848  p-  ac 

15/.  an  Acre*  fe.  854:319^^0/.  =;;yajlpie  of  the  indiiTcrenc 

liand;  -whdfcSuwL 35 i'y^766<}/:.T='Yal*io  pf  the  whoie 

Ptftwrc  .... 

3  F  2  Then 


4^       Division  ^  G  i.  a  u  ii  «ifJ      BoikX 

.  Tfaeo  €o  +  9$  -f  37  4-  88  -f  97;==af<><7f  liid.tfaere' 
fore  ?y'9-»7^X8°  =  7o3'85536 ?.  =  ./'s  Sharcof  th^' 

Value ;  3i^227f?°Jia?  :^  8<52-22i8itf/.  s=  iB»8 Siftt  of 

d.e  Value  J  ^'^^'^^'^^P  =  325-533104/.  '=C's 
Share  of  the  Value;  ^i^r^^^^idS  '^  j.^^.^^^^^^^^ 

ph  Share  of  the  Wue;5^i222^g><i?  =  35  y^z^6^  I 

=  JS's  Share  of  the  Value;    the   Sijm  of    theft  is 
35 1 9:2  7 6^Q /,  the  fara?  as  before. 
Thea  idh  Part  happening  to  be  entirety  among  the 

good  Land ;  ^^^^^^^-  =5  35  Act*  o  r.  gcrS^^SS  p.  fee 

offby  Frop.  14, "will  give  AMN1>^  Afe  Share  rf^. 

After  ^'s  Share  conjeth  in  U'ls' ;  therefore  draw 
OP  parallel  to  MN^  asf  bear  as  you  caa  imagiae  where 
the  diyilional  Line  will  fall :  and  as  the  faid  Line  O  jP 
takes  in  two  Sorts  ot  Gk-ound,  viz.  good  Land  ^nd  ttad^ 
find  the  Area  of  eadi  Sort  feparatdy,  and  you  will 
find  Af£PiV  =  42  'Acres,  gr.  3i*&24528  p.  and 
JBO  r=s  o  Acres,  i  r.  9*92000  p.  the  Araoont  of  thefe* 
at  theil-  refpeftive  Ratesof  20/.  and  to/,  per.  Acre  is* 
8tS2-4 2 2 8 1 6 /.  :=:  the  propordoncd  SKareof  B :  But  if 
the  faid  Amount  had  been  greater  or  Icia  tbetf 
862*^2281 67.  then  a  Part  muff  be  taken  from,  tft  &d- 
dcd  to  the  Part  firft  taken,  and  thta  find' the' Area  and 
Amount  as  before ;  and  if  the  Amount  ftrll  diflfcr  l¥o<# 
the  proportioned  Share  t^equired,  add  or  dedcA  da  be- 
fore, 'till  you  make  it  correfpond  therewith. 

Then,  to  lay  off  C's  Shai-e;  draw  j^JtrmdAua^ 

the  Area  of  VXRP^  13  Acres,  3  n  2?*o27392  p-^ 

ani 


r 


»  * 


waiciOQJLVci^  Acres, 2  r^38'474^ >. thcAmounc 
qF  there,  accoi^mg  to  the  Rates  of  20^  and  10/.  ao 
Acre,  is  325*53.3104/.  =  the  proponiooed  Share  )Of 
C;  fo  {hall  0  2,il  P  be  =  C's  Share  of  Ground. 

For  2>'s  Share  ;  dniw  S%  fo  foall  j^S T'/l  con- 
fift  of  three  Sorts  of  Ground,  tiz.  XGHR  =  i  Ac.  2  r. 
8*92  p^^SLZ Hz=^  68  Acres,  o  r.  i4'558336  p.  and 
i  J'Z  =  4  Acres,  o  r.  23*637344  p*  the' Amount  of 
ch^fe  according  to  tiie  Rates  of  20/.  10  A  and  15/. 
per  Acre,  is  =  774*240896 /.  =  proportioned  Share  of 
2>;  fo  is  £5  r-K  =  2>'s  Share  or  Part  fct  oE 

The  remaining  Part  S  B  CT-k  left  for  C,  which 
confifteth  of  6  Acres,  or.  20*022784  p.  of  bad  Land 
(=s  5/JrZ).  aad  52  Acres,  3  r.  9847456  p.  of  indif-*' 
fereat  Laad  (5:  IBCfLK)-^  the  Amount  o£  tbcfc 
aooording  to  the  Rates  of  10/.  and  15  /. .  per  Afre,. 
18    853*424624 /.    »    £^^    proportioned   Share    of 

Mcmey* 

The  femrat  Siares  of  good  Latid,  bad  Land^  and: 
indifferent  Land  being  fumni'd^up,  are  93  Acres,  ar*. 
t7-6ifl8  p.  of  good  Land^  <7^,Acres,  it.  2*97 6<7  p»  of  •, 
badL^nd,  and;  56  Acres,  3  r.  33*4848  p.  of  iodifier-* 
est  Ladd,  which  being  equal  to  the  Quantities  firft  fouqd, ; 
is  an  undtebeed  Proof  of  the  Tmh  of  ^he  whole  Pej>- 
fomance. 

The  Plan  beia^.  divided  as  above;  lay  off  each  £eiv« 
ion's   Share   thereby  in  the .  Groi^,   accoifdiag  to-. 

Pf?op«  I4» 

Before  the  Concluiioo  of  ih^s  SeA.  I.flviU  give  .the. 
Reader  two  Forms  of  Awards^  ufed  in  the  Divifionof » 
Commons;,  ice;     .  j 

♦.     •  ^  Tie 


4^1        TXtmtsfVf  ^  Q^io^unili        BodkX 

To. all  to  whom  thefc  prefeots.ftuill  coma;    We 
T I— ~  of  P — ^  tn  the  Coiitt;  of  €- 


p*i^*>^i«a 


Yconxni,  Lr^,  Fi — «  df  T--- —  lu  the  coi^niy  of 
W— '—  YQQmaa>.  and  I-^*^  G— r~  gf  A-*—  ia  tba 
faid  CSoooty  of  W-—  Ge^clemaa,  f^wd  gr«etiog} 
Whereas  there  ia  a  large  Traft  of  Cotnmai  or  \yafte 
Ground  Ijbg  and  beiog  withiQ  the  Maimer  of  C-  ^i 
in  the  Parilh  of  B — i— \  and  County  o(  W— --►,  com- 
iDODly  called  and  known  by.  the  NamcofC— —  Moor» 
whereof  R~M—  of  A—  in  ehefaid  Ccamty  of  Weft- 
norland  Clerks  ia. Lordi^   and  L  » '      H: — ^-*,   !■       » 

H 9  the  younger, .  R- — —  H ^  I  >  *   ^^  S — — :» 

H^  A-—  and  Maiigarct  hfe  Wife,.  J-i—  A ». 

I W and  Agncfs  his  Wife,   I li 

the  elder,   L  ■■<  ■ '  I— ^,  H"    ■  ■■  H  »  ""^   K* »  ■* 

S ^  1 D — -,  apd  I P *,are  fijv^rsiUf 

pofle^  of  Froehoid  <X  ^u^Qoiary  £fta«e$  inriihin  t^ 
faid  M»iner  of  C-- — f  in  Refpq<l  thereof  ihoy  ?r« 
rdpefiirdy  entitled  tq  Right  q(  Qommm  qpQi».:tM 
faid  Tcaft  oS  CwunoQ  or  Waft^Qno^iod'w  app^Q* 
dant  or  appurtenant  to  their  (aid  fqveral  Eftatet  j  a94 
apprehending  it  would  be  a^gtoenU  fieo^t  to  ^ach  and 
erery  of  tbem^  if  the  laid  Traft  of  Common,  or  Wafte 
Ground  was  divided  among  them  according  to  their  fe-«. 
Teial  Rights,  Ptivilegea,  and  Emoluments  thereon, .  fo 
as  each  and  e:verj  of  them  nnght  have,  bold,  aod.  enjoy 
thdr  refpe&iTe  Rights  and  Interefts  in  it  fereraUy^ 
and  nwght  alfo  hedge  up  and  indofe  the  £une,  Did  by 

their 


Acik*  Artide  df  Agtoemttit  bfcafiAg  Date  the  25d  Daf 
of  February  1768,  fetenUf  tgyee  ^h  each  other^ 
that  the  &td  Trift  4>f  Cotamoli  or  Waffee  Ground 
&cmld  be  furieytd  ivd  dtrided  among  them,  aocottiiiig 
to  their  refpeAive  Rights^  PrirUcges^  and  Emoluxneots 
thereon  -^  fi>  as  each  Ptrfon  intdrefted  might*  eojojf 
his»  her,  or  their  refpeAive  Rights  in  it  fctextlly^  and 
might  alio  inctofe  and  improTe  the  faole.  And  where-^ 
as  they  the  fed  R—  M— ,  L-^  H— ^  I^-H—  the 
younger,  R—  H—- ,  I —  S-^,  H*-*  A— '  tod  Mary  hia 
Wift,  I—  A- 1—  W^,  atid  Agues  his  Wife,  I-- 

H--,  the  <lder,  L— I— ,  H-^ — ^  fl— ^,  R 

S^  ■  >  I--*—  D— '— ,  and  I— ^ —  P-^—^  in  ord» 
to  carry  the  faid'  Dtvifion  into  EaDecuttdn,  did  by  thdr 
bid  Artitlb  of  Agreetamit  ambiig  other  Things  coro- 
oant  and  Igrte  With  each  other,  to  gite  and  grant, 
imd  did  thereby  gite  and  grant  full  Power  and  Autho- 
rity to  furvey^  divldt^  fet  6m,  and  ap)M$rtioa  to  each 
fiod  every  of  ^heiti  tbci/  rcfpeftive  Shares,  Righd, 
Friyilc^,  and  Emolamenti  h  tod  ppon  the  laid  Com- 
mon or  Waft*  Ground,  unto  ^e  laid  T— i—  I-^-*—, 
L-:—  F— — i  and  l-r^  G-*- — ,  br  any  two  of  us, 
Refeteea  indtflSnntfty'chotbi  to  fuihr«^  and  dttaie  the 
feme,r  nnd  to  fetcle  Cthtr  Matters  andThingis  touchitig 
Ihe  faid  Divifiou  and  lociofure,  as  fay  fhe  £ud  Anieie 
(Refef^iK:^  Mog  thereunto  had)  may  more  f uHy  and 
nc  large  appear.  Now  know  y^  tHat;We  the  faid  T-i 
I — --%  L-— -*  F— -v*,  ind  It—  G — ^,  taking  up- 
fon  ua  tbe  'Burdeik:  oi  thd  (aid  Survey  and  Divifion,  and 
the  othef  Powers  veiled  in  Us  by  Vfa^ac  of  the  faid 
.^rticle,  ittid  having  fuDy  confider cd  the  Qnandty,  Con* 
.?enicQcei  aQ4  CpQi^tuty  of  each  and  every  Birt  of 

the 
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(aid  CobmOQ  or  Wafte  GtoiukI^  andl  aHb  heard  the 

Ailigatioiis  of  alt  and  erery  of  the  iaid  Proprietor!, 

and  caufed  a  true  and  perfeA  Plan  of  die  iakl  Commoh 

m  Waftc  Ground  to  be  niade,   ^idi  is  hereunto  an- 

cexed,  and  declared  by  us  to  be    Part  of  this  oar 

Award^do  mak  e  and  pubfifh  this  our  Award  in  Mannar 

and  Form  following,  that  is  to  lay,:  We  do  fet  out  and 

apportion  to  each  and  every  of  them  their  refpediTC 

Shares  as  folbwethi    Unto  the  faid  R — = —  M 

M  Lord  of  the  Manner  of  C ,  and  as  fuch  Owner 

of  the  Soil  of  the  faid  T^raft  of  Common  or  Waftc 

Ground^  in  Lieu  and  fuIlSatisiaflbn  of  his  Right  dP 

Common  which  he  hath  upon   the  faid  Common  or 
Traftof  Waftc  Ground  in  Refpeft  of  his'Demefne  and 

other  Lands  lying  and  being  within  the  faid  Manor  of 

.C (except  fuch  particular  Rights  and  Privileges 

as  are  hetein-after  referved  unto  him  as  Lord  of  the 

iaid  Manor.  Ail^  thofe  two  Parts  and  Parcels  of  the  faid 

Common  or  Wafte  Ground>  as  the  fame  are  out  on 

the  faid  CommoQ,  and  diftinguifiied  in  the  faid  Plan 

;  with  the  Letters  ^,  j?,  containing  together         Acres, 

Roods,  and        Perches,   the  one  of  which  laid 

Parcels  b  bounded  on  the  Eaft  by  a  Common  or  Trad 

of  Wafte  Ground  belonging  to  the  Townftiip  of  B f 

on  the  South  Weft  l^  the  antient  Inclofures  belcmging 

to  the  Townfliip  of  C — =-,  and  on  the  North  Weft 

by  the  Share  or  Part  herein-after  fet  out  unto  the 

faid  I D .    The  other  ^f  which  faid  Parcels 

.18 bounded' oh  the  North  Eaft,  by  the  faid  Common 

belonging  to  the  Townfliip  of  B— — -,  and  the  antient 

inclofcd  Lands  of  the  faid  L — ^H— ,  on  the  South  Eaft 

by  the  Shares  herdn-after  fet  out  unto  the  faid 

H 


Seft«  I;       DxvisxoH^  G.k  o  u  n  li.       %(^ 

H- — ^  and  I'-r-f-  S -,  ;ott  Ac  Sooth  Wift  Jby  the 

River  fi*^ y  and  the  aatimt  indofed  Lands  ;bcloDgiQg 

to  nbe  Towoihip  of  C— .  .  Unto,  the  feidlr-^-^ 

D "  in  Lieo  and  fall  &tis&&ioa  of  all  his  £om^ 

mon  Right  itt  and  spoa  the  £iid  Coaunoaor  Wai^e 
Grotiody  All '  that  Cart  and  Paroel  thgpeof  as  the 
fame  is .  iturked  out  od  the  faid  Conxmoo^  and  dif* 
tiagaiflied  ia  the  faid  Plaa  with  the  letter-  C,  oontaiaing 
Aciics  Roods  and  Perches^  and  bonnded  on  the 
Sooth  Eaft  by  the  Share  ior  Part  heieisi^after  iet  onto 
the  faid  R  -r—  M  ^-'--^,  on  the  North  Eaft  Jiy .  the  faid 
CoaunoB  bcloqging  to  the  Townihip  of  B — »— ^  on  the 
North  Weft,  by  the  Share  herein^afcer  fet  ont  tmto  the 
laid  H — ^A— ^-,  and  on  the  South  Weft,  by  the 
ancient  indofed  Lands  belonging  to  iiw  Towafhip^of 
C- uniq^C^^ 

H-> A  *^-^^aod  Margaret  his  Wife^idem^ 

.    I^  ■■■?*■  ■     y  idem. 

R*        S-    ■   y  idem*  • 

L-     .  I    ■    ■,  ideni4> 

H — »-H — ^,iden)u  .       . 

R  — -^ —  H  — ^ — ,  ideai*j 

I H  — r-,  idem; 

•L  — r-  H  ^  idem; 

I — — H  — —  rhs  younger^  idem: 

I S  — " — ,  idem. 

I  — r-  W and  Agnes  his  Wifc^  iddm. 

»  I  -i —  A  — ^-^,  idem* 

And  wd  thcikid  T-^ — i  — ,  L^ F-r-^>  aiid 

1 —  G  -^,  do  order,  dircftj  and  appoint  thart  fherc  .Bef 
a  Road  eleyen  Yards  broad  (excltfive  of  Ditches)  from 

the  Gate  called  G-^ Gate  leading  on  to  ihe  faid 

Cemm^n;  along  the  high  End  or  South  £a(l  End  qf  th«^ 

}  Q  imtiene 


4 


Wliqpit  Indofiifts  bdbagiqg  to  ihe  4iid  '{^•tfiAq^  «f 
p-— -*-f  tuittU  it  acnxe  .ac  i&e  Sliare  befl^  'htio»ki 

imtunto  die  iatd  L-— —  I y  asxhefiiane  k  defedbd 

in  ibe  iEudJlanvuhche  Letfisr  .af  to  ahe  Lottos  ^  £b^ 
^  Ufe  and  Benefit  of  dicfciqal  Pcsicw,  theic  ijcaa 
aoi  AJBgDB,  nhoiiajre  Shases  or  amkiu  iodo^  Im^ 
ahitmig  pr  jQttmg  u(Mi  die  fiunc»  aoAiifQ^r  thf  i^ 

the  Shace  hecdo^Jbcfop:  iet  oat  aio^o  Un.  JiMj^ 
that  dsci:e  tc  a  Raid  iram  tbcfaki  iSaie  calU 
iGate^  dicongh  ihc  Sham  oS  Ac  iatd  ft  —7?  Mr 
jiatill  U  arrive  at  ;i  ibiceL o£  andeqf  i%cifA^  iMtki^" 
joogiag  to  the  fsdd  LrrrTT?Hrr=rT;  bb  iffiio*  and  ASig» 
to  occupy  the  iaid  Eaccd  of  Ground,  as  tbc^&aic  h  de- 
icr^ied  in  the  iaid  fb^  f i3om  tfac  Letter  ^  )  xa  die 
Lcftoer  (  ) ;  and  alfo  ch^t  there  be  a  oHOngflnftro^  Road 
from  ihiic  Road  faerem-4)e£Di]e  &fk  ki  poti  dypugh  the 

Share  of  the  faid  I *£^^rr?-:  along  ifac  North  Weft 

Side  thereof,  until  it  atriK  atdiciajilOnnon  called 

B Moor,  as  the  fame  13  described  in  «be  iaid  Plan 

from  the  Letter  (  )  to  the  Letter  (  }^  and  alfo  that 
there  be  a  common  Htgb  Road  fcom  the  Turnpike 
Road  twenty  Yards  broad  (c^cjufive  of  Ditches)  to  the 

iaid  Common  called  B Moor,  between  the  Shares 

of  the  faid  R— —  M~— ,  and  L— — H — — ,  as  the 
fame  is  fet  out  on  the  faid  Q^OT|nM^  anddeibribed  in  the 
faid  Pkn  from  die.  Letter  (  > to  the  Letter  (  )  ;  and* 
atfo  that  there  be  a  common  High  Road  elexen  Yards 
broad  (excIofi?e  of  Ditches)  ^m  die  faid  Turnpike 
Road  to  the  South  Eaft  Corner  of  the  Shar^  hetein-be* 
fore  fet  out  unto  the  faid  I  — —  A  -— « «,and.fcom.tfaence 
along  die  £aft  or  Soudi  £a(l  Side  of  die  iaid  I-. — 

A-rr— ^S 


A-i^-sA^  ShaA^i  utttifit  arKt^  arihe  Nwtir Edft  Cdrfaei* 
there^)  Md  fmfa^rii^iice  alddg  the  MoKlr  Weft  Ebd  oP 
tte  fafd  Sawwfj  ofitll  ft  ative  iwif  iKe  Ndhh  Wifb 
Gornisr  (tf  th«U^d  ShattP,  tMd'  fhnti'  thttaci'  IIod^  the  old 
Rtkd'tb  th^  KiVerE— i-^Vtk  the  &{»e i$>fl!C'6tirdtrtbi> 
fSI»  GdoiMbii',  •  jtjd  defdiitH^  M  thi^  (^d-  Plan'  fhmr  thi 
I*t4«f  (  )  «a  thtf  Lttta-  f  ),'  ari*  fef  t9  the  Letter  {  )) 
difehfe'ttfth^  L«ter  f  )i  tt*fd  td  tl^e  fcet(er(  );  iwt 
iMbitiw  thirebe'^iMSiikit'  tbsH  fe^di  Yahlaf  bixSx^/ 
Mnl>  the  R6iid  lad  fet  €«?/  tMi^^'  thit  9^  bf  ^ 
sum  fi<irtlri=Bd!b«:  fefofiffbl?  thtfTa^ft^iii-i-M-i-^'* 
sflJ^Bfflg' G^-jiiiiiWaftHi  imffl'f^afrli^stf  tht  Bcte^ 

thff  filJllEraRifei'  tiatir^cli*  Pcrfch^  -wferh^  antierik' 
telriyin^ tWere,caif'0<f JHio^'tHiit- ffi*a«  Ihc!8fiirc9;> 
SMi  k  ■ek{6nmidmtmmB,  fromthe-Ixt^ 

(  >  ta  tfe  BdKFC)^  ai»*'  i»'t<i*fi  L<ttti»(  );• 
jK9  fi)  t6  thtf'Leltcr  (  ),'  x^'fotiftU  Eetc»  (  )p 
fW'  tiiif'  offap^nl'  tW?  fl»'  iftcTas,-  Wtforno  otlief^ 
lilt,'  IfflSft  df  PQJTwfe  wfiitfoerer.  Afld  dfo  ihrf? 
th«^  te  atr  0<fcapatirfn«  Roild  M)«  ttti  *)^  Rnad/ 
hMidg'  <to#n- <h#  EsKT  d?  kdrt*Pfi«fft  Sldfe-of  the  Shanr 
lRiJ«h-bfefb«  f*  aiii  ddf6'  th<*  fttrf  I^-^^  A' — -y  for 
tKfc'ociupyiiig'  (beh'  afidetif  ftfcteftd  Land*  betengrag 


ih  yMt  Side  6f  tht  {aid  1-i^A^^^'tf  Share,  wit 
thfefi!hcwd«IWbrfirftAef«Sd^San,ftoJln  the  Letter  (  > 
fl>  thfcLetttff^  );.  Md'  itfcPtharthertJ  be  aa-OoMfpitloiir 
fcbaifive tarfrattd  ahatf lJibad,'thrt»«#r arflnaH Pawd^ 
df  theftM  Common- hSireiiJibtfofefet  out  utitb  rfie  did' ' 
l^-.',  ■ ;  ^  — —  fr<Wi  S — — H^afe  beldnging  to  the  fei* 
L.-  .H :,  dong  the  NWtW  Baft  Eddof  ananiient 

Incteferc  belonging  to  the  faid  I  —  H  — -  >  «>  >»» 

9  G  z  ioaor. 
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Jnclofure  belongiog  to  the  faid  L  — —  H ,  for  the 

Benefit  of  the  faid  L H  — ^  his  Heirs  and  Aifigns 

to  be  ufed  on  all  Occafions  as  ap  Occupation  Road,  but 
for  no  other  Ufe  or  Purpofewhaifpever  ;  as  the^ifane  is 
defcribed  in  the  faid  Plan^  from  the  Letter  (  )  to  the 
]L.etter  (  )  ;  and  that  all  the  Public  Roads  herein^before 
fet  but,  be  for  ever:here^fter  maintained  and  repaired  in 
fuch  Manner,  ajid  by  fuch  Ways  and  Means  as  the  Law 
m  that  Cafe  bath  provided ;  and  that  all  th^  Ocqipadon 
Ways  be  for  ever  hereafter  maintained  and  repaired  by 
the  feveral  Perfons,  their  Heir9  and  Afligns,  who  have 
Lands  hei'ein^before  fet  out  unto  them,  in  PrpportioQ  tp 
their  Properties  !n  the  faid  Premifes.    And  we  the  faid 

T 1 .,L  — :-  F  -— ,  an4I G— ^, 

do  hereby  order,  direA  and  appoint  that  the  faid 
R-f—  M- —  his  Heirs  and  Afligns  dp  make,  erefi, 
and  fet  up  good  aqd  fufficient  new  Ditches,  Hedges, 
qr  Fences  upon  the  faid  Common  between  his  Share 

and  B Mppr,    and  between  his  Share  and  the 

Share  of  the  faid.I-— -  D ,  apd  alfo  bctvjreen  bis 

Share  and  the  Shane  of  the  faid  I S  — 1. ,  and  alfp 

between  bis  Sh^re  end  all  Places  where  he  adjoins  up- 
on any  High  Road  herein  before  fet  out,  as  the  fame 
is  marked  in  the  faid  Plaa  with  the,  Letter  (  ),  and 
plant  the  fanje  with  good  Quick  Thorn  Plants;  after 
the  Proponibn  of  five  to  each  Yard  ^if  he  make  the  faid 
Fences  of  Earth)  i  and  that  he,  hjs  Heirs  or  Affigns,  for 
ever  hereafter  naaiqtain  and  repair  the  fame  :  that  Mr 
D-^—  make  between  his  Share  and  B- — Moor,  and 

between  his  Share  and  H A 's  Share  ;  that. 

H A and  Margaret  his  Wife  make  between 

their  Share  and  B Moor,  and  P 's  Share  :  that 

I— 


,   ] 


54.fl.I*.  -      Division  gf  Ground^         4x1, 
It^ — ;-P— — make  tetweca  his  Share  and  the' Share  of 


yf :-S— T—^  andB Moor:  That  L — I— make 

between  his  Share  on  the  North  Weft  Side  and  Mr 

H-r- — V  Share,  wd  Brampton  Moor :  That  Mr.  H ? 

of  Bondgate^  :make  between  bis  Sha«re  and  the  Turn- 
pike Roa(|,  and  between  his  Share  and  R~ H 's 

Share,  and  B  — rr  Moor,  and  down  the  Sykc  between 

bis  Share  and  thacofLi — -I ::ThatR' H 

make  between  his  Share,  ^nd  the  Turnpike  Road,  and 
alfo  between  his  Share  and  B--r-TMoor,  and  between 
his  and  J  :  ■.-  H — r-'s  Shar^ :  Tha)^  I-r-rr  H— : — r 
make  between  his  Sbar^  ^n4  the  Turnpike.  Road,  and^ 

B Moor, :  and  Mr  L — ~  Hh — 7's  Share,  and  al/o 

betwoen  his  Share  aiidv  Mr  L — ^-r-ii — r-h  Share,  and 
the  Turnpike  Road,  where  th^  fmall  Piece  is  fet  qnt  to 
oq  the  Wed  -Si^e.  of  ti;^  Turnpike  ,Rps^  :  .l^hac 
Irs — .-'H-^ — rmake  whcfeyer  be  adjoinsuppn  ^nyRoads, 
and' between  his  Share  and  Br-- — Moor,,  and  between 
his  Share,  and  the  Share  of  fbc  iaid  I— — A — — : 
That  I— n-r-  S — r-7  make  between  his  Share  and  Mr 

Ir— TT-H 's  Share,  and  wherever -he  adjoins  upon 

any  Road.  An  we  .the  faidT-r  I— ,L— F— ,  and  1— 

Gt ,  da alfo  order,  direft  and  appoint  that  fuch  of  the 

abovefaid  Hedges,  Ditcher,  or  Fences  as  are  to  be  made 
of  Earth  and  planted  with  good  Quick-ThorA  Plants  of 
fire  to  each  Yard,  be  erefled  and  made  on  or  before  the 
id  Day  of  April  1 769,  and  be  all  £et  upon  the  Grounds 
pf  tnc  feveral  Perfoos  who  are  herein  .bcfoi*e  ordered  to 
cre£l. the  fame,  Xvithout  any  AUowancc  from  his  Neigh- 
^urs  for,  or  in  Refpeft  of  any  Hedge  or  Ditch  thereto 
belonging;  And  that  no  Goods  of  any  Kind  be  turned 
loofe  into  any  of  the  abovefaid  Lanes^  but  that  the  Grafs 

grow- 


4(9.      Dicvisi^ii  ^QuowA      BoikX. 

g^wif^  tlfdifa  heftatA  TUae  «  iW-etefr-ki  ibch 
Manner,  ind  %  ftich  Wi^  xadt  MeatSy  as-  »  hkfoneji 
in  Value  of  the  £ud  Pro^i«t(SN^  Aei»Hrii«ol  AffignB^ ' 
&M  order  itai  dik-ea  Aisr  ^tl^saif-  A  tht  MrfcSni- 
AtmkiiiAtgwismk  '»ff<mm,  tlM  ^Uf  aBtt^i<»- 
Divifion,  or  ao^  THifi^  AHfm  ooi^MfaRff,  ilMb  MF 
eaiteB^^  or  be  cotiftnifd  ti><  txoadi  tirdflMtrltfi»  ^ 

JH/ir^^^fhk  Hdn«itA%ic^  as  LtttI  ^PtlfirJltlgiiOfiW 
aod  RopKiM  iMidtto  aoibelnigllg  to  ditofitWll^^ 
btttdbat^be  find R— ^Jtf-i-  ■■■, tikBdife  and'iMlgifedl^ 
{IttH  abd  nta?  ib»r  'S^iriliB  to'  TiiBfe  sMdf'or  si»  l^ttd>A^ 
ever  beferfft«»tioI4aad!4ijajdi'R«tfi^Sitr#«a)<]ei^ 
S^iStes^  aridrPraiKr  of  eduitt;  ^mttOHOiA  ££dmSt.^ 
Fddbst  9Qd  FHgitiV«6r^i«!deiid#,  Waiftri(l«a^  ad  «» 
d^er  Rd^altia,  Pri>»ilejsd8»  mH  A^ptmenaMelfr,  a«>]UDi«' 
of  the  fahl  Maaor,  inddcst  or  appdidafaf^  .beioi^iii^  oi' 
UppertMaitig,  ia  as  fair  W  aApfe  Manner  a^tf  tlfiff^iii 

R- M — -,  hi*  Heirs  and  A&ga^cdtM  di'  ftSght- 

lldve  het4  ^6  ^IS  iQ  €afi;  laclk  Agi^boear  or  lA^fifd 
ihtedded  Divifion  had  xitiet  beett*  itaade.    We  tbr&U^ 

T-*->*- 1—,  L^  F ,  and  I— :.'G«*-«,  ijfo  <!^'< 

der,  diit£i  and  appoint  ^MH^nothiii^}kttfai'co6t!dilIed;:<)l' 
in  the  above  Divifiott,  fl^tH  he  eonftmed;  deemed',  of 
takente  dcprire  the  ibid  Lord  of  Ci-^^^fiw  di'e  Tioitf 
being,  his  Hbirs  or  Mgn^,  or  Aiy'of  rfibA,  df  Wf'  «^ 
the  Rights,  Privileges,  Frtinchifes;  R(rtiiWe#,  o^'  o&ei 
Bnohimems to himoT  theiA bigloflgtng;  bdt  ^af  thV iaif 
L«»dof  Lords  of  thefaid  Maflbf  cfnjby  aH-tfiii' attf^*! 
Maneriai  Rights  in  as  full,  large,  ^nd  ztbp]k'Sl9tititt  m^H 
no  Dfarifion  ofifte*^te  Prettfifes  bad  tVd  talren-  Pfai^ 
(any  Things  herehi.  coniswned  lo  the'  dtjauvii  AA-eBf 
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ia  zBCf  nMe  iio(«ithfta])dSBg)i     Ajad  we  do  dllb  or- 

dcr,  diMfiy  aad  appoiot,  ^at  immediatelj  afcer  itje 

figiuag  of  tbk  oar  A^Fir|>   di  Rigiit  of  G>mnioh 

44ml  the  tbaRdiqd  Freaiifes  ibaU  oeafe,  tnd  all  aod 

jftery  AoabolreftidBeiibas,  aad  their  Hetes  and  Afligm^ 

^rto  i^TC   Shares   hcmB4>e£ore  lit  o^t  aatocfaeia 

Aall  eiijof  ditf  ianoc   in  Lieu  and  fbH    SarisftdkHi 

^ft^GofiOffioS^noSi  of  att  Kighc  of  Cooiboq  heretofore 

Jlii94  md  QP^ajred  >;  tbem  or  aay  of  {hem,  or  by  their 

fifMy^^tkdir  Aqceftors.    Aodtbat  aH  and  every  «f 

^  ^MmiiMi  Bc«fi>n  do  fet eiaily  a^  k-dpeaivdjr 

fc^hnSs^  toj^ll  mboridi  R^hts  attd  Avnk^  iipoo  all . 

9nl  iBMrj  Bto  ftf  the  laid  fkacifiifea  (except  the  iSiane 

J9i  Psvf  havdin  befiore  feaeiallf  fo  one  unco  tfaem^  and 

jdbit  fbe  ftid  Atr-T^  Mv.-^  ■  do  canvey  alt  aad  every 

liic  ahoK  Shares  hereiflkbefere  r^^cftivaly  fef  out  iif»o 

the  abyeefaid  Porfofia  to  hold  ^vevatly  to  thein,  their 

Heirs  and  Afligns  forever,  in  Fee  Simple,  referving  to 

himMf  as  Lord  of  the  hid  Maa^,  all  the  abdve  Mane- 

dai  Rights,  in  as  full  and  ampfe  A/bofier  as  if  no  Divi- 

fiDai>f  die  fteniifeB  had  ever  iaken-Ktee.   And  whert-^ 

m.  iQ  tine  aboxe  ftid  Arttide  it  is  agc^d  by  and  between 

tkfi  iud  Rrrrrrr  M-rtrrr,  Lcfee  Of  «he  TpheSof  C-rTmr*, 

under  the  Dean  and  Chapter  of  C ,  and  the  faid 

feveral  Proprietors  who  have  Shares  herein-before  fet 

out  unto  them,  that  the  abovefaid  Primifes^  fhail  be  free 
and  clear  of  and  from  the  great  Tithe  of  Com,   fot 

and  during  the  Term  of  fix  Years  from  the  figning  of 

this  our  Award  ;  and  that  the  faid  Proprietors  (hould 

pay  fuch  a  Sum  as  is  ftipulated  in  the  faid  Article  for 

the  iaid  Tithe  of  the  Town&ip  of  C — —  for  and  du* 

ring  the  iaid  Term  of  fix  Years  >  We  do  therefore  in 

Pur- 


4t4       Di  V  r  sit>ii  0^  GaouN  D«       BdokX^ 

Purfaance  of  thd  (aid  Article,  ori^r,  direft,  and  api 
point  chat  the  faid  Pretnii*ds,  as  ^fi^  the  Tbwni&ip  of 

C be  freed,  dtfcbarged,  and  ^exoDfirdted  of  and 

from  the  faid  Tithe  for  and  during  Ihe  iTeriB  afore* 
faid ;  and  that  the  laid  Proprietors  or  Land«Owners  do 

give  Security  to  the  faid  R M — ^  (if  required) 

for  the  Payment  of  fucH  Sum  as  is  ftipulated  in  the 
faid  Article,  in  Lieu  of  the  Tithe,  as  well  of  the  an- 
tient  incTofed  Lands,  as  of  the  (aid  Commbft  lately^  diL 
Tided.  And  we  do  aHb  order,  direct,  'and  appoint  that 
no  Sheep  be  put  into  any  Part  of  the  Premifcs  herein- 
before fet  out  and  divided,  for  and  daring  the"  Term  oJF 
nine  Tears  from  the  Date  of  tliefe  Prefents.  And  lattly 
we  do  afcertain  the  CcJfts  of  furveying,*  dividing,  fer- 
tingx)ut  and  apportioning  the  above  Pfemifes  to  eaclk 
and  every  of  the  Proprietors,  and  of  every  other  Mat^' 
tcr  and  Thing  relating  to  the  fame,   at  tiie  Sum  of    ' 

and  do  order 
within  the  Space  of  froitt  the 

Date  hereof,  to  coH^ft  the  fame  ftotm  rfie  abovfc  Ph> 
prictors,  in  Proportion  to  their  refpcflivt'  Rights  and 
Properties  in  the  above  Premifes,  and  th^  to  pay  the 
fame  when  due  and  owing ;  In  Witncfs  whereof  &t.  8c<tJ 


f 


•    J 


tk 


Tie  ^ward  efthe  'Divifi$n  •/  the  Commn  Pafture  called 

2> W ^/ttuate  in  the  farifi  of  D ^and 

County  of  W ; 

To  all  tdi?f  horn  thcfcPrcfcnts  ikall  comd;  We  A- — * 

jH of  C— — i-/ra  the  Parilh  of  K ,  and  County 

of  C.-^,  Clerk,  and  Ti I — r*  of  P in  the 

Pari(h  of  P -^  and  County  aforeiaid^  Gentleman,  fend 

greeting;  Whereas  W-^—  W ,Efq;  I F — -, 

E E ,  R— ^  B ,  1- —  E Son  of 

T ,  T — -  W ,  I-^ £ Son  of  W i 

W R ,  M— ^  A—,  I— ^  P— i-,  W 

b  — ^,  F H ^  T-^—  Y— ,  R—  D , 

I Er_,W ^R ,andW R the 

yoaoger,  being  jointly  feized  and  poiTcfiiedof  alarge  Tra^  * 
or  Parcel  of  Ground  or  dinted  Paftiire  called  D — J-*- 
W— — ,  lying  and  being. in  the  Parifh  of  D  ^  and 
County  of  W — ^,  and  having  enjoyed  the  fame  by 
ftiotingj  according  to  the  refpe£live  Number  of  Cattle-^ 
gaits  they  ie?erally  poffefs  therein ;.  and  apprehending 
it  wo^  be  a  general  JBedefic  or  Advantage  to  all  the 
P^fons  interefted,    if  the  faid  Parcel  of   Ground  oi 

ftinted    Pafture  called  D W— ^,    was  divided 

among  them  according  to  thcii-  refpcftive  Rights^ 
Privileges  and  Emoluments  therein^  {o  as  each  Perfoti 
might  have,  holdy  and  enjoy  their  refpeftivc  Rights, 
and  Interefts  therein  feverally,  and  might  aifo  hedge  up 
and  inclofe  the  fame! ;  did  by  their  Articles  of  Agree* 
ment,  bearing  Date  the  thirtieth  Day  of  November,  in 
the  Year  of  our  Lord  one  Thoufond  fevcn  Hundred 
and  fixty-thrcc,  feverally  agree  with  each  other,  that 

the  faid  Pafture  called  D W ihould  with  alf 

3  H  con- 


4itf        Ditt^i&tr  iff  QHvyino^-      BockX,- 

coDtenienr  (pckA  be  fiirte^edv  vaii  ixilied  ^tkosg  cbem 
according  to  thdr  refpcflitc  Rights,  PrifHege*,  ditld 
Emoluments  therein,  fo  as  each  Perfoir  interefted  niglic 
enjoy  his,  her,  or  their  refpeftive  Rights  and  Privileges 
therein  feveraify,  and  might  ^l(b  incktfe  acrd  improve 

thfe  fame.     And  whereas  thejr  the  faid  W W , 

&c.  in  cjrder  to  carry  the  fttd-  DivHion  iota  ExeewiOD, 
did  by  their  faid  Arcide^  of  Agreemo:^^  AttODg  otbct* 
Things  co¥etiant  and  agree  with  each  orhcf,  to  gms 
and  gpanc^  and  did^-iberebf  give  and  grant  Ml  P0WM 
a^d  Atttbomy  to  for vey,  dtvide^  iet  autf  and  apperii^b 
ta  each  and  every  ef  them>  their  rtfpefti^d  Shere^; 
Rigbt^,  Pri^iieges  and  Emofoments  m  ttd  upon  tb«  kid 
Parilarei  unto  us-  th«  f«4  A  H — — ,    aad  T- 


I-' ,  Referees  iacHfferdDtiy   chofien:  to  ftirvey  and 

divide  the  iame,  (due  regard  by  us  being  bad  toctb^ 
Q^triy  and'  Quality  <^  the  fffiit)  tcid  other  Mtttera 
and  Things  tonctnng  tbe  Diyifionf  of  the  faid  P^fture,  m 
by  the  faid  Arckles  (Reference  being  thereunto  ha*) 
msy  mote  fully  and  at  lurge  appear.    Now  know  yb 

that  we  the  faid   A •  H- mi  T-i-*— ►  I — ^-** 

taking  urpon  us  the  Burden  of  ifie  faid  Surrey  itel 
DSvifion,  and  the  other  Powers  Vefted  ra  us  by  Virtue  "of 
the-feid  Aftrcres,  and  having  fiiUy  confidcred  the  Qmii^ 
tity,  Quiriity,  Goovenicncc  and  Contiguity  of  each  and 
every  Part  of  the  feid  Parcel  of  Ground  w  ftintedl 
Paiku*e,  and  aifo  heand  the  Alligation  of  aH  dnd' cVei^ 
of  the  faKJ  Ptoprtetors,  and  caufed«-!i"ucf  tnd  pierfcft 
Pbn  of  the  faid  Pkfture  to  be  mad^,  WMcli  is  hefetiftto 
annexed,  and  declared  by  us  to  be  Pkrt'  df  tfeis  otir 
Award,  £>o  make  and  pubKifa  this*  our  Award  iti 
Manner  and  Form  foHowing,  that  is  to  fyj,  We  do  <€t 

out 


out  ^  apportion  to  c%ck'  wA  ^m  pf  4>«in  *>mr 
xcfpc&ive  Scares  as  folbiwcifa.  Unto  the  f«^d  W  ^^'^  -r 
W — ^,E£q;  as  Owner  of  50^^  QtttiegaH*  19  sq4  ^W* 
the  laid  ilinted  Pafturc  in  Lku  aa4  fpU  .^a^fil^^^ 
ch^eof,  aBd.of.ail  hisJRij^c,  Titl^  Jnttf^ilmd  Vt'iulr 
lege  thereon  (exctpt  a  divided  Sb^re  of  ii  Mq^  JA  cbp 
laid  Paftuic^  and  all  Rents,  Royakie$,  Frindjiii^  Rigbii, 
Fiivfleg^y.  and  JarifdiAiQEis  heretoforis  or  now  ducv  or 
fiayahk  to  the  iaid  W— ^-^^  W— r-f,  ^  Jx)rd  of  tbp 
Mumr  of  P-n —  aiorefakl^autiof^  ia^  or  ftookxk^  (^ 
fiafton:  called  D«t — r*  W— r-^,  aa  die  iame  »£et  out  ieitt 
tkeiaid  P«(lure#  and  marked  in  the  &me  Plane  wkhth^ 
Letter  ui,  conoMiiiiig  Acr^  fi%*  rod  bouadsi 

on  die  N^E*  and  ^.  £L  by  the  ancient  indofed  GKiuads 

of  die  faid  W^— -  W ,  Efq;  bfichc  S^W^  by  the 

CcMDoioa  and  inoiofed  43roatdS:  beiong]Dg.-io:chc 
Toviiflup^£-^-^,and.  on  ti^e  N.  Hi  by ,  me  Besdd 
h^Tfiin-after  f(3  out;  Uatp^xbf  jfeid  I — -7  S-rrr-t,  Ae 
oUer,  as  Oivn^  of  two  Cat4eg?i.t«  iiil  ^94*  vpQ?.  tbf:  tfa^ 
tinted  Pailuce,  in  Lieu  and  full  Sadsfj^ftiqa  th^i;e9ft  9^ 
of  all  bis  Rigbt^  Ticle^  liitercft  and  Privilege  xjacvo^ 
(j^Kepc  as  is  hcreia-after  &t  .^rch)  iil|.  t^^Part  ifr 
Paroci  thereof  as  *(he  fatie  is  fecpttf  iP9  the  f^d  P^ftiHYsi 
md  aaackod  kk  (he  iaid  Pkn  W>ith  <b^  Letter,  ^,  oontaio^ 
ing  .  ,  Acres  .  R^ods  and  Per^he^  .a^d 
|b9Mtt4€d^ii  the  M.  E.  %  t]i«  ancient  inched  Lai^  of 

Ae  £^id  W-rr-n  W E6i;>cBi  the  S.  -E..by  ibe  aboYi^r 

ftidRoadfOQ  tht.S.W*  by  the  Share  or  Part  ber(ji^-afti;c 

Ics  >out  ao .  the  iaid  I E ^  m  the.M  Wp  by  4I 

IWt  of   the.ifaid  Pafture  herein^after  fet  out  ffu*  f 

Freerfixnie  Quarry :  Umo  the  £ud  I*-r-*  E ,  th^ 

Son  of  W'—rr*, .  as  Owner  of  i wo  Cattkgaics  in  and 

3  H  2  npon 


4^         Division  ^6x.oxjKD.  Book  IL 

tipoD  the  faid  ftioted  Paftare,  in  Lieu  and  fiiU  Satisfadkm 
thereof,  and  of  ail  bis  Right,  Title,  Inrereft  and 
Pk-iTilege  therein  (except  as  is  hereafter  fee  forth)  all 
that  Part  or  Parcel  thereof,  as  the  fame  is  fet  out  on  the 
iaid  Pafture,  and  marked  in  the  faid  Plan  Dvith  the  Letter 
C,  contaming  Acres,  and  bounded  on  the  N.  E.  by 
the  4Share  or  Part  iierein-before  fet  out  imto  the  iaid 

I E ,  on  the  S.  E.  by  the  faid  <Road,  on  the 

S.  W.  by  the  Share  or  Pare  hereinafter  (et  ont  uato  the 

faid  F H ,  on  the  J«:  ^.  by  a  Part  of  the 

faid  Pafture  herein-afrer  fet  out  for  -a  Free^ftcme 
Quarry  :  Unto  the  laid  F  H   ■     >  as  Owner  of 

two  Cattiegaits  in  and  upon  the  faid  ftinted '  Pafture,  in 
Lieu  and  full  Satisfafticm  thereof,  and  0f  all  his .  Righc^ 
Title,  Intereft,  and  Privilege  tkeri^on  (except  as  is 
herein-after  fet  forth)  all  that  Pbrt  or  Parcel  theneof,  » 
the  fame  is  fet  ont  on  the  faid  Pafture,  and  markedin  the 
faid  Phm  With  the  Letter  2>,  containing  Acces^ 

«nd  bounded  on  the  S.  E  by  the  aboveiaid  Road,  on  the 
*N.  E.  by  the  Share  or  Part  herein*  before  fet  om  un^ 

the  faid  i— -  E—  the  elder,  and  E Sou  of 

W-— ,  on  the  N.  W.  by  the  Rivulet  called  M— 

Beck,  or  a  ftinted  Pafture  calleft  M Park;.<m  the 

&  Wi  by  the  Share  or  Part  herein-after  fet  out  to  the 

faid  E—  E :  Unto  the  faid  E~—  E— ^i— ,  ia$ 

Owner  of  four  Cattiegaits  in  and  upon  i^e  faid  ftinted 
Pafture  in  Lieu  aud  full  Satisfadion  thei^of,  and -of  AH 
his  Right,  Title,  Intereft,  and  Privilege  thereoici  (excoik 
i;7hat  \%  herein-after  iti  fortb>-  all  that  Part^jrdforcd 
(hereof  as  the  fame  is  fet  out  in  the  faid  Paftuse,  ud 
marked  on  the  faid  Plan  with  the  Letter  E^  containing 
Acres^  &c.   and  bounded  on  the  &  )!F.  bs,  ^  ^bc 

£hai:c 


( ■% 


St&  L    '  D  X  V  I  £  I  Q  N^  ^   G  &  Q  U  K  B.  k^ffi 

Share  or  -Pyrt  hcrein-aftcr  fet.dut.unta  the  faid  W-> ij* 

D — ^-jon  the  JV]  W.  by  the  abovcfaid  M-rn—  -P-^^ — , 

or  Rivulet  called  Mr- Beck;  on  the  Ni  J£L  by  tHe 

Share  or  Part  herein^befoFe  fee  out  un^co  tlli  iaid 
F— 1— H-r-rn- ;  on  the  S.  jE.  by  the  ^boYe Road;  iUuto 

the  faid  »W-*-^—  D ,  as  Owner  of  thr^e.  Cattlcgaits  > 

ja  and  upon  .the  faid  dinted  Failure,  in  Lieu  and  full 
Sati&fa^Hi^  >hereof»  aiid  of  ail  hiii  Right,  Title^ilntereft^ 
and  Pj^ivilcge  therein  (except  l^ha^  is  hereinr^ftec  fct 
forth.)  all  thac.Parc  or  Parcel  thereof^  a3  ehe  iame ;  is  f<?c 
oac  on  the. faid  Pafture^  aiid  marked  Qa.^f^f  ^faid 
iPlaa  »wi|h.  jthe  Letter  F,  cpptaining.  :  -Acnes,  ' 
4md-> bounded  on.  the  ^S..^.  byi  the  above  faid.  Road, 
abr  Ac  S'  W.  hy  the  Share  or  Pgrt  hereia-gfoer  Ut 

DUt  unto  the  £iid  1 F' — — ;  on  the  J^IK:'  %j 

ih.e  abovcfaid  M — rr- Beck •  or sM--r-—  Park;,.w  the 
JVL  rjB. » by  the  Share  herein-»b€tpi::c   fqt  oi^t  jgi^o  the 

fftid'E E^ — :  XJnuxtbefeid  I^ — r^r  F-^r-r-Tf  .^ 

4i>\mct,  of  .ik  Caxtlegaits  jd  ;^^  upon  the  f^d  ftiated 
faAuie,  ia  Lieu,  and  full  Sarisfaf^ioii  thereo^^j  an^  x)f 
tkU  hi*  Right,.  Title,  Intereflr,  and  Privilege  r^^reon 
.^except  as  is  hcfeinrafter  fet  oud)  all  that  Part  or  Pat^- 
-xrd  thereof^  as  tkc  fame  is  fet  :oac  on*  the.  faidr  PaQ^rg^ 
irtid^mark^  on  the  faid  Plan  mvith  the  Leper .(?,  icoor 
lalqisg  -  \  -Acres,  &c*  and  bou-oded  on.  the  N.  E^^fyf 
ih0j;Shafe:  o$'Part  herotu-bcfore  fet  out  mtp  the.  f^d 
W-^*-*--©-^---;  on.  the  N^W^  by  the  faid  Mr^^ 
i5eok.andM--r-;-  Park  .and  thc.anciant  inclof^  Land? 

fafijthc  -faid  W-*r—  W— ?-->  J£fq;  and,W E  ,!"v^ 

JDdt  the  S.  M.>  by  the  Share  .or  Pact  hereiiv^fter  fcf 
jwenunto  tbc  faid  R — r-  D^, — .  j  on  the  E.  by  thf 
^ve^id  ^Roftd^.  on  tbc.  *?..  £.  on  ooe.  Part  by  the 
*ii^:.  above- 


42<»        D.irisiou  rfGK9vvv.        BodcX 

aboT€-6id  Road,  aod  sm  aoothcr  Bart  by  Pan  of  the 

Share  bcrcio-after  fet  out  onto  thefaid  W ^  R — ^ 

the  younger  and  M-^-r-  A^ :  Unto  the   abovefaid 

R D-  ■  as  owner  of  two  Cattie-gncB  in  and  op- 
en the  faid  {tinted  Failure,  in  Deu  and  full  Sotisfadon 
thereof,  and  of  all  his  Right,  Titk,  In^r^  and  Pri- 
vilege thereon  (except  what  is  herein-afccr  iet  qw) 
ail  tha^  Part  or  parcel  theceof^  as  the  £ime  is  &c  ou)^ 
on  the  faid  Pafture^^  and  marked  on  the  (aid  Plan  wida 
the  Letter  /f,  containing  Acres,  &a  and  bonodcd 
on  the  A^.  E-  by  the  Share  or  Part  bereia-be&re  fet 
oat  unto  the  faid  I— ^  F — ^  ;  on  the  A  JB.  by  .£aFt 
of  the  Share  liereinrafcer  fet  out  unco  ishe  jGaud  'Wr-^r^ 

R*— -.the  younger, and  M A—— ;  /oa  tiie:£i 

W*  by  the  Share  or  Part  herein-af ccr  let  out  i3fi£o  the 

faid  W    ■  '   R ;   on  the  N.  W,  by  an  andent  In^ 

cloforc called  Mr— ^  ;   And  whercaa  thefaid  T--^— ^ 

y — -r*  and  R •  B •  each  Owner  of  two  Gattler. 

gatt3  ujpoa  jttie  faid  fti^ted  Pafture,  have  fince  the  fignv 
ing  of  the  abovefaid  Articles,  agreed  to  let  tbeir  Shares 
or  Pr^poKtions  Ue  together  undivided,  We  do  tiiei«£ 
fore  fet  out.  to  them  a»  Owners  of  fo^  Qittk^gaits  in- 
and  upon  the  faid  ilinted  Pafture,  b  Lien  and  fuU  Sa« 
tis£s(^on.  tberepf^  and  of  their  Rights,  TitleSf^btere^% 
and  Pr^Yileges  thereon  (except- wliat  t$  hfKtn-aftei  fet 
out)  all  that  Part  or  Parcel  thereof^  ^  the  fiane  is  fee 
out  ctx  the '  faid  Pafture,  and  marked  onahe  laid  PJan 
with  the  Letter  /,  coQtaliHD^  Acff s^  &a  and  bounds 
ed  on  the  5.  and  S.  JK-k^  the  CqnuDCfn  ;and  amieot 

inclofed  Lands   of    B aforefai^  ;    oa-  tbe  At 

by  that  Part  of  the  faid  P^ure  formerly  djvid«i< 
amoQ^  the  Proprietors'  of  Catde-gaks  in  the  feidlFafinneyt 

and 
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add  fee  apart  and  nfcd  as  aPeat-mofi ;    on  the  E.    hf 
P&rt  of  the  Share  hercln-after  fee  out  unto  the  feid 

W-— »  R ^  the  younger,  and  M-  ■■■*    A-« — ^,  and 

the  abof  efaid  Road :  And  whef  eats  fince  the  fignfng  of 
the  aborefaid  Article,    the  faid  W — --  R— —    as 

Omitt  of  two  Cattle-gaits,  and  the  faid  M—  A • 

as  Owndr  of  three  Cartfe-gaits,  have  agreed  to  let  their' 
Shares  lie  together  undittded ;  we  do  therefore  fef  out 
t6  theth  as  owners  of  five  Cattle-gaks  in  and  upoti  thtf 
(aid  ftinte*  Paftwe,  in  Eicu  and  ftrtt  Satisfa^lon  thereof, 
and  of  all  their  Rights,  Titles,  InTfereftS,  ^d  Privileges 
therfcott'  (exc^  what  is  hereln-afcer  fet  om)  all  that 
ftrt  or  BarccI  thereof  afs  the  fame  is  fet  out  cfn  the  faid 
Eafture,  and  marked  hi  the  laid  Han  with  the  Letter  Ki 
cftntainmg  Acres,  &c.  aad  one  Part  of  it  boanded 
on  thfc  E.  and  S.  E.  by  the  abovefaid  Road,  on  the 
B.  W.  by  thef  abovefatid  Mofs  and  Share  hereift  fee- 
fort  fet  out  unto  the  faid  T '  Y and  R-^~i 


- ;  on  ^tN.  W.  by  the  Sh^rd  or  Pkrt  herein- 

aft^r  fet  out  unto  the  faid  W R- ;  tfie  otRer 

F»rt  bounded' on  the -E.   and  S.  E.  by' the  afcove-faid 
Road ;  ori  the  N.  W.  by  the  Shareis  hereiil-befof e  fef 

otit  unto  the  laid  I — ^  "^^  ■  'v,  and  R—- j^  D' j 

and  on  the  S.  W.  by  the  Sha^e  or  Part  hertffe-after 
fdt  ont  unto  tb^  feid  W--^«-  R- — ^,  and  adjoitfhig  tt]p 

od  the  fifft*  J^tt  h^refe-before  fet  otit  to  the  feid  W 

R— *-i-  and  M^ — ^  A-—*-*-  >  Unto*  the  fatd'W? • 


R  ■■ '  r^v  a^  CMiier  of  five  CSittle-gaits,  in  and^  upon  the' 
feid'ftfttfed  PSfttite,  fa  Lieu  and  full  S«isfa6Hon  there-* 
of,  and  of  his  Right,  Title,  Imereft,  and  Privilege 
tbemm  (ijxcep*  what  is  hcrem-after  fet  out)  ali  that 
Part  or  Parcel  ^tb^reof^   m  tfce  feme  is  fet  out  c^  the 

faid 
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faid  Paftare,   and  itaarked  in  the  iaid  Plan  with  the 
Letter  Z,  containing    *    Acres,  kc,  and.  bounded  on  , 
the  E.  and  N.  .E.  by  the  Share  or  Parthereio-before 

fct  out  to  the  faid  R D and  Part  of  the  Share , 

herein-beforc  fct  out  to  the  faid  W R ;  thei , 

younger,  and  M-^-— 7  A — ^— j   on  the  5.   JS.  by  the- 
other  Part  of  the  SJiare  herein-before  fet.out  to  the , 

faid  W R r  the  younger,  and  Jsl A } . 

on  the  S.  W.  and  N.    W.  by  the  faid  Mofs  and  faid 

Inclofure  called  M :    And  we.  the  faid  A^ • 

H and  T I do  order,  direft,  and  ap- 
point that  the  Parcel  of  Ground  marked  in  the  faid 
I*laa  with  the  Letter  Af,  and  lying  at  the  N.  JT.  Ends 

of  the  Shares  herein-beforc  fet  out  unto  the  faid  I 

E the  elder,  and  I E Son  of  W ,  be  , 

fct  apart  for  the  Sake  of  getting  Stone«  upon,  for  the 

Ufc  of  the  faid  W W and  fuch  of  the  feveral 

ral  Perfons  herein-before  mentioned  to  be  Proprietors  ^ 
of  the  flinted  Pafture^  to  be  ufed  within  the  Manor 

of  D ,  as  fliall  obtain  the  Licence  and  Confcnt  of 

the  faid  W W- his  Heirs  or  Afligns  to  get 

Stones  there;  And  alfo  for  the  Ufc  of  fuch  other 
Perfons  as  fliall  obtain  the  Licence  and  Confent  of  the  , 

faid  \V W«  his    Heirs    or   Affigns  to  get 

Stores  there  (fuch  other  P^erfons  making  a  reafonabie  . 
Recompence  and  Satisfa^on  to  the  refpe£live  Owners 
of  the  Grounds  through  which  theyjnay  pafs,  for  any 
Damage  which  may  be  done  by  bringing  the  Stones 
from  the  Quarry  thereon ;  and  that  there  be  a  Road 
to  the  fame,  from  the  Road  herein-after  fct  our, 
down  by  the  N,    W.  fide  of  the  Share  of  W- 

W f  through  the  Share  of  the  (aid  E E* 

till 


h\      title  titdtii^^kits.viM!       4«j 

tm  it  amciS  th«  C6nct  bf  tftc  f^d  Frrri  H^r-^V 
Share;  viiere  the  Road  to  tbe  iiid  ^romid  fct  apin 
for  inch  (parries  4Esiterft4hefii46Bik!dcif  F~^H--*^^ 

and  then  abngtlie  &id jdldi ®oid  k^emfQr«.4kfed/ol 
theSikei)((^teadi]^Sa:iiieftiraiixbe  ftidQgtfnj^rowdi 
kit  tor  W  nfedooiiooriier  Accomiciirhadbcyerllranlfof 
kadiflg  Scaaes  fnioi  tiid  ikid  Qoariy  Groodd,-   3ot 

thattheiai4I— *E-*-'-^rf»*eWc^#  andIf-«y;E-'f  '» 
Sod  of  ^Xi^-^-^  their  Hats  dod  <Ai&go«»  ifok}^  o^ 
the  Htrbageof  the  iaid  ground  1^  ^apart  fpc  (^f- 
tf-ffmO.  ^  And  «e  ibc6W  A^ir^  flt-T-*»  and'^T^ — * 
I^^  do  «Ub  ohier,  disfft^.aQdi|)pQint  i^at  every 
Perfon  enjojrthdr  refpBRite-Sh>r«  pf  thfl  faldPeaw 
tBo6  ae«  adjombg  td  ilie.Iibertie»  ^*B — ^»-  «P  ih« 
Goonty  of  Weftnterfond  afi}reiaid,as  $!»:  ^n<  h^s  hiorHi 
krfbre  been  divided  wnangr;  thcnii  -^  ^hief-  h^d  for* 
iaerlf  enjoy^  the'  fcnwJ  'Artfl  **>  f*«»t  tliye  Ixt  a« 
mgh-wif  ^i  Yaid8ijiro«»d<'i&'9di*f5<3l^»  called  B— — j 

pate,  marked  in  the  Jiid^n  VlW  •^^J^'^f  ^>  ^^o^g 
ifad  S.  E.  Side  of  i*iio  Shw  |jeF«?tt^b(Bfp}-e  fct,^t  co  tB^ 

faid  Wr-^r^r  Wrrrrr,  1Bf<i}:irp'  S'*''-?-  «  Hacc  markc^ 

in  *fc  laidtftan  witi^  liiQ-lM^  ^X  ««»<*.  ?l<o  *« 
ther<  be:  ad  HighvrtT  ^ri'  Yvd?  ^-irpde  (cxdu£f«.  of 
X>iK!h«>-ftairia  flj»ce-!e«lif*'W'-'^<»a«?tf  w^ac^ 
te^«a  in  tlwfiidBte:iRWl',*«Ifl«F^  ?ft  aioog.t|i<s 
'^'.-  fl^  Side  of :tlitf  &id9Sltlf(t)ii(t<Mi-bc£are.  fet  out  tp 
-Ate  1ni(9f^i^:^»-'^9'Sm}  09^1^  Oqtfi^Ie  of  tbc 

tt-«««d.ii»fk«d'  kfc  iber^id  H»^' V*  the  Letter  ^^ 
lktvHK»e4ead  Orft  dpoH.tb^  #i  C<wa#»n  of  ^^rrr^ : 

thM'tkeitf'  be  «to  Opc0pa4cto- Way  frQi^i.|h(j  PUcf 


W^Djf^iL  -ida  ^A  -'iflHif.n'h  itfffWbfls  pfcfti4n^ 

throagH'^aie'Shife  Wm  {tia»:V-=^»lt.aUittPi^  ctft^ 

occopyiiig  mrslwVMInif  ]^^iiM^'«iijk^i^  •fi»4dSil> 

and  air(!>:«fo«tibn'-Wif  4#'tH'«qil)dir«fl3  W^E^tl^ 
on  aH  !3c2^oii>^  tdii^  SHaf^'^-^e^^tt^slit 
for  no'^  dtH^r  1>f<^  6f  TiA^b-wba ji&cverr'^^-f ttb 
that  t)i^^''b(?4hiee^a^Sifi9ifW#'^HWtf|^.?it(e«Al^ 
or  Part  ti^'idiWmMmt  «i^fo<Hi^D6$fL^|U'r4^»H 
to  th'^19Ri^>PSi4'1i^t^'Wfbficnk^^tli^%d 

T&h>i'fMM«  tfeofWiMnifeifetnt^irttjrfaitehqflaitBP- 
ter  ff'^W?^o&fi!^«iI  ^"TmEi  «mffM^\fMf^M6' 


.<4it^i»  gwtaiBi,  -i^ikidtt.  If ^^g  ftaBc^fPeas-  the 

<8htrf  fliifl  rhff  »WdliaihfcJak|y^ifeh^,gTix^^  tod 

Af  Tiftff »*  *^  ^  -2Xe  aoA  fi»rrf|-r  iitiiMiA>iJndiirftift1f 
iU.  3  I  «  ;be 


4*4     !>€««•  vdukV^aiomiUI    BdOdi^ 

md  diiifaMbiPnlMl  iote-i'mdf  ^«M«-1h«(if|Ui'  11^^^ 

IMtue,  ,Searc«»faii  SNl«4nlili«tiMhU«^  tfarfaia 

tin  Shane  adjo^tlMB^te^  t^iht  4BtelP<Jtn9|iyi|»dttfi 
the  faaiiBia  JHtfc  t]i«i:L«rieFS -#'#tit2«iidil«Kr«vef 
hereafteeicopifr  and  Miimita  jriib  faio^'iycNto'tiii^ 
iaid  I-^<^4>KiFi»<'-^y:)di>^liEJ(«;#^«M|^«^^ 
and fetli^  fioadiaai^'imi^MtAgH^  ^ij^pBtvfmk 
the  fti^fiMlbire^^bMPVKdi'  Itls^fSkariRftniiAetMaii^tti 
the  mti**^^&*^^,ttt&1i6tfiiaek  UntMH^iaA 
(he  Sh4tfeQf  ^hi^ijdnl'Wn — -R^r^-^-thtf^daai^^iaMl 

9s  his  Si^liit  a<^itii,  ftetebit»r«s  iiua&DC  afdjuai^ 
ti^rea^.ifeei)it)bai^;iiaUBanrithff.iEime  scoAlBdrlthatFdie 

^  TftidLiiir-?n4**  Rr>4;*;^i  ttite:y)gofemv?add?,iM<t  aiii 

the.£ud;«}ifth#ah  Jbe  Lettm  iaf  ii(t«;&«tt(fofneT«r 
to«<^wwi<aiingte<oiid|)tfe  Stt-itm  i.i  Aiit  «bit  -^ 

••■•'.."■!  laid 


SKbOoS    n«  vtx.tSi^\sfi&M.  •  V »  SQ     ^ 

iis»l«Q«9<ifb#«&o(lf($»flF  yi»409i9r  JiBKP^ellgffiiftbt 

a#.<iiif(  a^.|^M$.^b«r«s,mQiflt  (llMft)t!^-lteilteliiMtt.||t«| 
fer  4^er{jMr^f  fS4iAl»iji;illltl/4x#»itM  Atbn-iHkttii 

iHfl^uAei^tciiiJr:/^^  (iijMlt.i((iir^jnir^Hi^fteDaHua4 
tk!r^7-*t>.ktk  INik  Of :4(i0Miaflttl6^.  «ni^  ^iftc  19^ 

atetJ^^'  A¥/ii\R;i    -^utf  |fcMf«fV  tachM — » 

eehaiMfiiis  ih»A&alfc  ttcnondpsik  i^chit^il^JNiui  With; 

ic^rr:thia{ilinet:rimdiKnt^4tf(kMduv^A96ii-  aod 
^^Q^dMi  #.iBe'afa»v«6U  iibcl^a^CiFtnee^bd'fett 
tt^  ri)ft<3ktmBd».9£:dfeiBei^Mfaifedn(l8eft^^ 

or  SiariifiSBrlQitdMS^&^ilittfiJMtai^ii^  isiKl  t'tfaBt'ur 
bii\    •  prictors 


AlkmddJf'tld  ftireril>iII!Kr(^t(]iilPiftwii»ly(^Mlj^^ 

the  Sntm^t  Odcs^tililffj^nh  R«M«r  IfH^fi^Ajiaat 
iMr  Awavtf  4ad~4iroblil«c»r^O«3|trinillKli3R^^ 

for  cMthimltbtmtinifimi  Hf  theAi^j  lo  Hftjiii/w 

£%  -«Dii)  tlttojiie  fl?hirfwriliirti3ytiiji!>riiiyiltt.twig» 
and  ftir  ivMubcMiftdv  iitiilMiBfa!bfc|i  tfiitfiliftatintv^ 


•fitfflJo  ai  iliJtluri»4f>tfftii^»^^p»atereFldakbyTfafa«u 

<W»f|f^  in  gnli  vtian>Att«fcit  4if  <iln»Qi&>Ib«<^ 
iE>MJd:|'M>tM  fihMPli  ita4c«l^(ifte  -ftfid  fiktf^itth  the 

l|f oioAii^^ercift  ouiaiindaftii  adseadi]  cfcnbe  coo- 

iftk«aHl'fbk(%^-Trifi'«b«fi%,g}J«|f8ii^^  Affigns,  or 

'<<Jf^  Righw/WitiJegcs, 
l»o]kflM6f^i>'«»hioh  he 
,  'ifiigtirW{ieitby'1tot)^%f  ^F'^fi^  Nfr^^  Aid 
¥t4£f 'itf  ItAofeaa'^aiea  I>lk:^'W-ii^?4i%bia  the 

«9ri?  «tefe-*rtf«nt^'hS«''nof  "teA  ma<rd^4»'\rayt»ire 

^ttm  ^^fmiS'laltkitmif^bSk^!''A^  ^tm  bid 

•  ^^'3^  •  direa 


&igfaa^   Rifi]^  rrtodufe^  ftyyAiet,   or  other 

.the  S|Klc«^^  < .    .  .0  ifinnt  ih«r.Qiti9li9QQf;i  «M4* 

-  :rT  rr:>  to  -rL'-^/  -.".i  r.  -'—  •?»  uA  1o  3»<Hod 
'-i.}  ^TiK^  '.r.\  fc.t^:j  ..,..  ,(.C'Jiyii'a  bit) '-/fi 


......         •  ^i  .  ,  .J. 

TO  4liiicmftme  ths '  Theorf ''  'i]ptaf:>^«llRi  -  the 

dmv  the  t%ht  Lide  I'  vj^^-aad  Htnoftt^  ^  draw 
iJC  ±  fj4,y»hkhi%  a  T*aiig«ftt  j  all0«rcW*fcfe?  Ctentcr 
Fdrif^  FB,  FC,  tot^orfed  the  taDgcDtial  Line  ia 
J!^iukl  CI'  Tlieft  becaoib  si4tAb  or  real  LWel^'%  every 
Wi«»«  equkllf  Mbnc  t^  l&t  &rck1it^d^,  tbdre- 
ft*e' it  W»ft'^^^  ht  4«  Akh^  ^  £  i!lier6»f,  or 
ioifie  ahet^ A^cl^ipirilkr^i^s^  BC  hiiiig  i  W^F^ 
k  W  apparait  Letet^  a^  JdT;  niid' diordfere  if  i^  Glaft 
I'ttbe  M; iUea  «Mi  ^i^,  S^rks^oi  Wlde/:or  other 
ia^Al  tli  fak(  ^  fmali  SpiM  teft  Itif  acPittWeof  At6 
Md  placed  at  wtf  ia  the  Dire^OB  of  tlie  Line  B  C^  the 
Xiquid  wiU  equally  poflels  every  Part  thereof,  and  the 
Babble  of  Air  wiU  rett  is  the  Middle  of  the  Tube  ;  but 
if  the  Tube  be  elevated  or  depreffcd  above  or  belqw 
the  Uid  Dire£Koa,  the  Dqaid  (as  being  the  heavier 
Floid)  Witt  an  defcend  iaco  the  lower  Bart  of  the  Tube^ 
and  the  Bobble  of  Air  will  be  forced  ther^  into  the 
higher,    Fiq.  ^6. 

The  Point  B  being  £ifther  removed  from  the. 
Earth's  Center  than  the  Point  ^^  it  is  piaio^  that  if  a 
Particle  of  Water^  &&  be  laid  at  B,  it  wiU  (by  the 
Power  of  Gravity)  Aide  along  the  inclining  Plane  B^; 
and  when  arrived  ar  «^,  vrill  become  gmclccat. 
sTMt  3  K  Sup^ 
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Suppofc  ^c  Arch  JlE  =  one  Mile,  then  is  J5  JS=s 
7-409  Inches  =  thq  DifE?rcqpe  between  the  Radius 
F^  and  the  Secant  FB,  which  is  readily  known  by  the 
Logarithniic  Canon.  Bat  the  Defcent  of  7|  Inches  ia 
a  Mile,  \sjpo  little  for.  ^he.CQnveying  of  Water  j^.ancj 
therefore  to  give  the  Watcf  a  proper  Velocity,  it  has 
been  found  by  E*xperience,  that  12.  or  15  Inches  jpei" 
Mile,  below  the  apparent  Level  J  J5,  is  only  fufficicnt. 

If  j5  is  a  Spring  qr  Fountain  Hcac^  thzn  BG  is  the 
apparent  Level  or  Fofldon  of  the  Horizon ;  and  there- 
fore di^cfting  the  Telefcopc  to  ^^  you  find  the  -i:c. 
G  B  ^t  whith  is  ever  equal  to  the  ,^Bp  ^\  or  if 
the  Arch  ^  £  be  =  one  Mile,  the^<t  jE  fJi  is  found 
by  Calculation  ^  0°  00^  $2^  j  and  therefore  in  the 
right-angled  plain  Triangle  BjiFy  there  are  givtii  all 
the  Angles,  and  a  Side  or  Leg  F  ji  (^-^z  Earth'5 
Semidianieter);  by  which  the^  Hypothenufe  FB'  mzf 
be  found;  then  FB, —  -F-E=.BE=:7'409  Inches  as 
before.  And  therefore  whenever  the  Efiflancc  is  bni 
Mile,  you  mufl:  Heduft  7*409  Inchesffom the  Heigh ( 
given  by  the  Telefcopc/ which  will  reduce  it  to  a  true 
Level ;  but  inftead  of  7*409  Indies,  you  may  m  commoij 
Prafficc  ufe  eight[  Inches  and  therefore  at  the  '£)iftancre 
of  each  Mile  mcafured  upon  the  *Earth^s*Su^fjfdej'  yoti 
may  dedtifl:  eight 'Inches  froii  thcbprizdntal  Levd,  iina 
the  Remainder  will  be  the  tnic  Lcvct. 

It  has  beep  proved  to  ^  Demonflratiopi  that  there  j$ 
a  NetcjQirjr  for  making  an  Allowance  for  th^  Earth'^s 
Curvitur^j  and^s  DiAdnces  arc  rnqft  frequently  piea- 
furcdby  a  four  Pole  Chain  at  5  j  y^rJs  to";  the  Pole,  t 
havc^bfrefore  calculated  the  following  liable,  WKcIt 
(hews  by  Infpeftion  the  Allowance  in  Inclie$  tor  every 
Chain  from  one  to  100,  As 


/ 

^s  JO  ihe  praaical  Method  (of  LcvcHing,  th?,  follow- 
ing Example  will  render  it  plain  ^d  eaiy,  provicjcd  ywi 
be  furqifhed  \?itl^  a  good  Spirit-lev?!,  or  a  ThpodoUtc 
of  the  beft  Conftruajoni,  and  t^to  Stares ;  the  Stayes 
ought  to  be  each  ten  Feet  long,  and  dirided  (firft)  into! 
ten  equal  Par^s,  and  numbered  t,  .2,  |,  &c.  to  to,  being 
the  Feet  -,.  eacH  of  ihefc  rauft  be  again  divided  into, 
twelve  equal  Divfiions,  and  numbered  r,  2, 3,  &c.  to  12, 
bf  which  iht  whole  Staff  ia  divided  into  120  equal 
Dirifions,  *hich  are  laches ;  eadi  of  thefe  are  again  to 
bcffubdividcd  into  fen  equal  Parts,  bddg  the  Tenths  of 
«n  Indi ;  fo  that  1^  ihde  Drvifiofts  each  5taff  will  be* 
divided  into  T440  equal  Parts.  Each  Staff  mud  like- 
wife  have  ^  Vane  to  Aide  up  and  dowQ>  the  better  to 
diitinguiih  the  Divilions  in  Time  of  Prance* 

Example. 

r  '       .     " 

Let  X  b^  a  J^ountain,  frbm  whence  Water  h  t(*  b^ 
CQavcyjed  to  a  'Gftcra  2;  required  the  Defcent;  or  how 
^X}fcJ\^  is  lower  than  X    l^tG.  ^S*         ^ 

Set  one  Staff  a't'X  and  an6thcr  at  !?>,  aiid^  ohJct  «ri 
AffifUot  to  itand  at  each  j  then  erc^  ytiat  ThfebdoKteor" 
t<evel.at%^ /about  the  middle  Way  between"  the  two 
Levefling-p&afB),  and  adjuft  jj:  'there  j  Hidn  dh-cfl  thef 
Tcleicope  to  tlie  ^iaS^SJt;  a6d  order  yotrf  Alfiflant  by" 
f  5igiial,  to  Aide  tFieV4i6u6Vi''<i6Vtf,'-fiirtfttt''hdrKontaJ 
H.aif ''.in  die  It^icfcbpe  'ifiit  fh'ej-  Jl^lAdle  -ttrt^eof,  and 
theiilet  him  mark  the 'Fface  i  'tip8iiib<? Staff, To fe  X<»=* 

{fil  Hpght  L^'tULevelk  •X,';\tftWV'«rt'»^e  irf'a  Bade 
or  Paper.  ,  T^'eii'  il/eft '  tlfe.  *^c\S:dpd-  BiHritd'k6  thtf 
Staff S 7)t  a6d caufe  vour Aftftanrto -QiJittieTane up 


**    -b 


I     '    ill    •  t        .  , 
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Ar^ovo,  rin^fliQbfip^t^jHkir  cut  ^e  M<<Ule  of  the 
Vaae  as  before,  fo  is  2>c^die  Hdghl  of^  the  Level 
HiVCrSlHfteWStiSl'lTSirfBookTjr  Rqfpnwjtji^e  s 
ihijn,'#S^je,^S  PMn><»  froto  the  fofttBDMBt  v<  to 
caijh-Staffi  which  Wri<»iti  proper  Form  b  yonn^Fltdd 
Bot>l[^>^i|>ci'i  {I|«'ls(lc  Dinienfioas  aiA'be  HSmei 
m  theCopiffisTiaatBadt-Sigliti,^n4T(ir-pore<)H*- 
Tjjoiisriiv.tlie  Coknul)  titled  R)re;Sfh(s..'  Then  talc 
np  thefitaff!^  X,  aad'tefOOTe  (t  to^iind.let  op.yopr 
InftrArne^t  ^^^  * ;  then  tbm  b»ck  th«  XclefeDt)C>(0  tbe 
SiaS£jb^and.£iid  iheAltiliiile  2)fi  alio' direft  the 
Telelctpc  tb  the  SaSBJE,  aiid  talif . the  Altii>idc£ .^; 
meafure  the  Diftatces  ^D.JIB.  Tl"^  t^e  Iifti^- 
niAK  beia^  resored  to;^S  ^*,  and  ^MSod  tjis 
Altitudes,  and  meafiire  the  Dtftanccs  as  before.  The 
feveral  Aldtwdes  giveti  bf ,  clje  .liil^nitif$Dr,:afi  ftMa-the 
correflei  Alli«ijdej,'Wi«h!thBfcTt»al,Pift«8«s:ai«afi»e(i 
hj  the  Cliaiii  tftt  a  fpoifed  Ja  the  fbttilvoig  .Fiel4< 


far.  tod  coiit^iu  all  the  For^'Otrlemdqna. 


tH"fcf67cnr2 
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;  Now  idd'  Hi*  Notabctrs  ^  dBfr$adB|fiighr\Qe 
((iKirk«d  Gor«e&< Inek) .{nnr atK^<Stta^,iJ9tih.tttte i 
bcA  id  ^•fibit'Sight  C(Ai&m:;(inirIu(i  Qdntfi^.  I 
into  anotlier  Sam>  and  fobtradiDg  the  lefs  fron 


* 


ie.t)Jhe-Ol>fervabW.4i2i#  liicfr;''i«->35  Feet 
kv.  1Ai'<nrDiffi!^b^<i4'F<Jdt'8.^<&^hi  is  the 

wm^fsmitki^  m  ^>^i^ii^saa§^pt^9  ch. 
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St^ltt  of  the  C  o  M  r  A  s  i.^  '437 

is  alfo  highly  rcquifite  to  be  khovm  in  the^  Pra£Hce  oF 
Sarreying.  For  bow  is  it  pebble  that  the  true  or  real 
Situation  of  a  Gentleman^  Eftare^  &c.  {hould  beknown^ 
fo  long  as  the  Variation  of  the  Magnetic  Needle  re- 
mams '3  Secret,  and  the  true  Meridian  of  the  Place  not 
known* 

,  The  feveral  Bearing*  gtfen  by  the  Needle  afe  not 
to  be  accounted  as  true  Bearings ;  and  therefore  after 
a  Plan  is  projeded  thereby,*  it  is  requiilte  that  a  true 
Meridian  Line  be  drawn  ifierein ;  which  Meridian  muft 
interfeft  the  Magnetic  ^^ridian  (or  Meridian  the  Plan 
is  laid  down  by),  naaking  an  Angle  therewjih  <&  fo  many 
Degrees,  &c.  ^s  the  Variation  is  found  to  be. 

I  ihall  now  .(hew  two  Methods  of  finding  the  Varia<>, 
tion  of  the  Needle,  viz.  iaftrumentally  and  trigonometri- 

cally.  

Example    L 

Let  it  be  required  to  drkw  a  tme  Meridian  to  th« 
PIan^GiCP.(FiG.  26.)  -     ' 

F/Vj?,  Inflrumentally  by  the  bcft  TheodQlite.       ' 

Set  up  your  Theodolite  in  any  Part  of  the  Ground 
the  Plan  is  drawa  for,  and^nd  the  Sun's  apparent  Air 
titude  (=  49  •  oo()  aboi^  ^  ox  \^  o'CJJock  in  the  Forfr 
noon,  and  alfo  its  Magnetic  Azimuth  (s=  142  •  30')  a( 
ihefapig  Tim?;,kecp.th?,lndex^.fi^^  4^^  Al- 

titude, or  otliervvile  write  the  Degrees,  Sic.  thereof, 
uptm  -a  Piece  of  Paper,  «nd  keep  by  you  till  the  Af- 
ternoon. ,  Let  .t,hc  Inllrujnent  remain  iu,  the  fame 
fTace,  atid'  In* 'thd  fame  Pofition  'til!  the'Aftcrnopa; 
in^'^it-'thc'  Iridex  belonging   the  tMco^  hath 

not 
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• 

opt  been  Ibifredy  (if  k  hath,  fix  ic  to  the  iiune  fiievatioB 
fts  before),  iMurb  'tiH  through  the  %e  Glaiis  of  the 
Telefinpe  70a  obfenr e  the  lacerfedicm  of  the  crofi 
Hairs  to  cut  the  Sun's  Center,  and  the  ludez  wiU 
^ve  OB  the  IJaA  the  Son's  Magnetic  Aziamth 
(=253*  50^).  The  two  Azimuths  bemg  thus,  foond^ 
the  VaniBioB  of  the  Needle  may  be  readily  koomi  by 
thefoUowiflig: 

Add  the  Half-DiiFcrencc  of  the  two  Azimuths  to  the 
lefs  Azimuth,  that  Sum  (if  Icfs  than  180^)  fnbtraA 
fi^m  1 80  %  and  the  Remainder  is  the  Variation  Eaft ; 
but  if  the  faid  Sura  exceed  1 80 *,  deduft  i8o'  there- 
from, the  Remainder  is  the  Variation  Weft. 

Andtberefore^^^^^^^'^^.^?"^  +  142-  30^  = 

198*  JO'';  then  198'  10'  —  i8o*=i8*  10' the  Varia- 
tion Weft. 

Secondly^  Trgonometrically  by  Means  of  the  Sun's 
true  and  Magnetic  Azimuth.  r 

This  is  a  Branch  of  Suryeying  that  requires  a  perfeft 
Knowledge  in  thcDoftrinc  offpherical  Triangles,  and 
alfo  a  little  Atquaintance  with  a  few  of  the  firft  Prc^ems 
in  Aftrooomy.  But  as  few  Surveyors  can  boaft  of  thefe 
^i^XAaiA^m,  I  ftall  dierefore  for  iht  Benefit  of  fbcb^ 
iofen  d^  Analogies  and  Gdculations  at  full  of  a  few 
ExampleSp  m  a  yttj  plain  and  fimple  banner,  which  I 
intend  as  a  Specimen  of  the  Form  hereafter  to  be  foI« 
lowed.  But  for  thofc  conterfant  in  the  DdfiriiKr  of  the 
Sphere  and  fpherical  Triangle^  Itt  thca  coofiilt 
Prob.  Xrx,  XX,  B.  VI.  •     As 


r 


4 


«v 


H 


440  fb^    Variation         Bode X. 

54*  14^  30^:=:  app.  Altit.  Sua's  upper  Limb 
16  00  =  Sun's  app.  Semid.  fubtn 

53    58  30  =  app.  Altit.  Sun's  Center, 
o  36  =  Refra6lion  fnbftraft . 

53    57  54  =  Sun's  true  Altitude. 
The    Method   of  finding    the   Sun's    true    Alti- 
tude being  thus  (hewn,  the  Variation  of  the  Needle 
is  eafilj  difcovered  by  the  following. 

« 

R   U    L    £• 

Firft  find  the  Sun's  magnetic  Azimuth,  and  for  the 
fame  Time  calculate  his  true  Azimuth,  by  Prob.  19, 
20  B.  VL  the  Difiference  of  thefe  two  Azinmths  is 
the  Variation. 

Noten  To  find  the  Sun's  true  Azimuth,  there  muft 
be  given  the  Latitude  of  the  Place,  the  Sun's  Declina- 
tion, and  Altitude  \  or  the  Latitude  of  the  Place,  the 
Sun's  Altitude  and  Hour  of  the  Day.  An  Eitaiii- 
pie  of  each  follows. 

E  X  A  H  >    L   B     rV. 

« 

Suppofe  in  the  Latitude  of  54*  25^  Nordi,  the 
Sun's  true  Altitude  by  Obfervation  is  49  %  and  his  De* 
clination  North  23*  29^;*  required  his  true  Azimuth 
atthc'ijCiiA^itftto  ^   ^ 

.. .'  •       .  ...        •   . 

^  ^  •  •  ^ 

Complenacnt  of  thf  Latitude  35*  3S' 

Complement  of  the  Sun's  Declinauon '     "**  66  '3 1 
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Complement  of  the  Sun's  Altitude  —    —  41  *  00'' 
Sum  of  the  3  Sides        —        — 

Half  Sum        ~.        —       -^ 
Compl.  Latit.  fubtraA         •^- 

DifFerence        —      '  — .        — - 

Half  Sum  .     — »       —       — 
CompL  Ahit.  fubtra&        — 

Difference        —  —  —         3^   33 

Then  proceed  thus ; 

Compl.  of  Lat.  S.  35*  30'  Co.  Af.  o*i^$i6i 

Compl.  Sun^s  Altit.  5.  41  00  Co.  Ar.  0*183057 
Diff.Cd.  Lat.  andiSumS.  35  58  —  9768871 
Diff".  Co.  AWt.  and  |Sum  S.  30    33       ^—9^706112 

Sum.of  the  Logarithms        — ^        —      ip;8j3202 

Half  is  the  Sme  of  62*  I c/        —  —        9*946601 

which  doubled  is  124*  20/3;  the  Sun's  true  Azimuth 
from  the  North,  whofefupple.  55*  40^  is  the  Azimuth 
from  the  South. 

Suppofe  the  Latitude  and  Altitud^^'the  fame  as  be- 
fore, and  the  Time  of  Obfervation  9  Hours,  35  min. 
II  fee.  52  thirds  ta  the  Forencion;  required  the  Sun's 
true  AzQnuth* 

Radius        —        —  90*  oo'  00^=  lo'oooooa 

Tan.  Hour  froni  Noon         36   12  02  =9*864532 

3  L  2  Sin« 
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Th    S    '  5^Tnre  Azimuth        124^  20'  JVT  Eaftcrly* 
*         "c  Magnetic  Azim.      142    30    iNT,  EafterJy, 

Subtraftcd  gives  the  Variation      18    10    Weft, 

Having  thus  {hewn  how  to  find  the  Variation  of  th^ 
Needle  iuftrumcntally  and  trigonomcrricaUy,  \>y  ^Means 
pf  an  Azimuth  ;  I  mall  next  Ihew  how  the  .fame  may 
i)C;fpund  by  Means  pf  ^n  Amplitude,  ,>  .  • 

Example    VI. 

Sbppofc  the  Latitude  and  Declination  the  fame  as 
before;  required  the  Variation  of  the  magnetical  Nce-t 
die/ 

Firfl:  find  the  Sun's  magnetic  Amplitude  at  his  RU 
fing  or  Setting,  and  at  the  fame  Time  calculate  his 
true  Amplitude ;  theo  if  the  true  Amplitudes  agree, 
there  is  no  Variation,  but  if  they  fiffcr  (as  moft  fre- 
quently they  do),  their  DiiFerence  is  the  Variation.  Theil 
rcckcfning  bdth  the  Amplitudes  from"  the  North  (like 
g$  the  Azimuths),  obferve  thefollovving 

Rule. 

At  Sun  Rifing,  the  true  or  magnetic  'Ampli- 
tude being  greateft,  the  Variation  m  accordingly  Eaft 
or  Weft  J .  at  Sun  Setting  Weft  or  Eaft*   ^ 

Then  to'  find  the  Sun's  magnetic  AmpIiWdc  by  the 
bcft  Theodolite,  proceed  thus. 

Adjuft  the  Inftrumcnt  for  taking  an  Obfervation, 
then  looking  at  the  Sun  juft  as  he  rifes,  ^through  the 
Eye^GIafs  of  the  Tdefcope,  obferve  that  the  horizon- 
tal Hair  therein  do  cur  the  Sun's  Center,  then  will 
jhe  Index  give  on  the  Limb  d^*  57'  =  the' Sun's  mag- 
netic 
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netic  Amplertide  from  the  North,  whofe  Complement 
43*  13'  Js  the  Amplitude  from  the  Eaft  Northerly ; 
but  if  the  magnetic  Amplitude  from  the  North  be 
above  90  and  lefs  than  180,  fubtrad  90  from  it, 
the  Remainder  is  the  Amplitude  Eaft  Southerly ;  alfo 
if  the  magnetic  Azimuth  from  the  North  exceed  180 
and  be  lefs  than  270,  fubtrad  it  from  270,  and  the 
Remainder  will  be  the  Amplitude  Weft  Sootfatfly ;  but 
if  the  Amplitude  from  the  North  be  greater  than 
2709  and  lefs  than  3($o,  fubtra£l  270  from  it,  and  the 
Remainder  is  the  Amplitude  Weft  Northerly.  The 
Biagnetie  Amplitude  being  thus  found,  the  true  Am* 
plitude  is  readily  difcorered  by  Prob.  7,  JB,  VI.  The 
Anology  follows. 

*  * 

A  K  A  L  o  G   y. 

As  Cof.  Latitude  ~  •—  54*  45/  —  .«  y*j6^1^^'g 
To  Radius  — ■  ••^  .90  00  —  •—  10*000000 
So  S.  Sun's  DedcB.  -^  -^  23    29    —  —  9*600409 

To  S.  Sun's  Amplit. —  —  43  .  13  9835571 

Whofe  Complement  48*  47'  is  the  Sun's  true  Am- 
plitude from  the  North. 

The  Suo'^^^'S^wic  Amplitude.    6^-57'    i^Eaft. 
i  True  Amplitude.         46   47     iV.EaiL 


■.■j»i. 


Their  Diflf.  is  the  Variation.  18    10         Weft. 

The  yatirition  of  the  Needle  being  thus  found  by 
any  of  the  forermentionccl  Methods,  you  may  readily 
draw  a  txm  Meridian  to  the  Plan ;  by  drais^ing^a  Linq  ps 
to  make  an  Angle  of  ij8*  19^  with  the  Meridian  the 
Plan  was  laid  down  by  j  obferving  to  have  the  North 

End 
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f 

End  of  the  true  Meridian^  to  the  Right  (or£alt)  of  the 
magQcdc  Meridian,  becaufe  the  Yariatfon  is  Weft ;  but 
if  the  Variation  had  been  Eaft^  the  North  End  of  the 
trae  Meridian  muft  hate  been  to  the  Left  (or  Weft)  dE 
the  m^netic  Meridian. 


S  E  C  Tj    IV. 

7 be  Ma  bod  vfWaftnng  or  Colouring  Maps  or  Plans. 

mmm^^       ■      I  ■  ■■»■■  ]  ■  ^^—^ip^        I  ■  ■         ■       I      — ^i— ^— i— — ^ 

•     r         *  .  ■ 

AS  to  the  Fr<q>aiati0n  of  Colours^  there  is  Httle  Oo 
caiioD  ,to  givjs  any.  Dire^Uons.  thereupon ;  as  any 
Cdpun  (efpecially  inch  ^  are.ufcd  by  Surrey ors)  may 
be  hid  from  any  Colour-Shop.  Biit  as  AUum  and 
Gum- Water  (ejf}>ecially  the  la(ter)  are  conftantly  ufed  in 
Colourings  I  ihall  therefore  only  gire  Direfiions  for 
forming  thefe^  and  fo  proceed  to  ihew  the  Method  of 
Wadbing^  or  jaymg  on  Coloprs. 

Ir^  rhdh  jilltm-Water. 

To  a  GaUon  of  Waier  add  one  Poand  of  AIIuu beat 
to  Powder;  mix  thefe  well  together^  and  boil  the 
Mixure  a  opnfiderabfe  Time,  till  the  AUim  be  quite 
diiTolved,  take  it  off  the  Fire^  and  when  cold,  bottle 
it  up  for  Ufc. 

NotOy  If  with  this  you  wet  your  Paper  brfcM-eyou  lay 
on  the  Colours^  and  then  let  it  be  perfe&ly  dry,  it  will 
not  only  keep  them  from  fmking'into  it,  but  will 
alfo  add  a  Luftre  and  ihmmg  Beauty  when  laid  on. 

IL  9d  mah  Gum-Wtxier. 
Beat  the  cleareft  and  beft  Gum  Ambii  iito  finall 
Pieces,  which  bind  up  in  a  fine  Imcn  Rag  j*  hang  this 
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S  U  R  VE  YIN  G, 

By  the  Plain  Table. 


CONTAINING, 

A  Niw  Method  of  Surveying  and  Planning  by  that  In- 
ftrumebt;  bf  which  the  Angles  (or  rather  Bearings) 
are  taken  and  protraded  at  one  and  the  fame  Inftanc 
in  the  Field,  and  thereby  the  Trouble  and  In- 
convenience of  ihifdng  the  Papers  entirely  removed ; 
fo  that  the  Bearings  (though  never  fo  many)  may  be 
all  protrad^  upon  one  Sheet  of  Paper  in  a  manner 
different  from  any  as  yet  pradifed  by  that  Inftrumenu 
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SURVEYING. 


By  the  Plain  Table. 


A 


LL  the  Akthods  of  Sanrefiag  b^  (he  PJatn  Table 
hitherto  praAifed  te  treated  of  bj  Authors  oa 
chat  Siib^^  are  0ot  oaly  flow  and  te£oo$>  but  like- 
wJ](e  liaUe  to  maoy  and  great  Errors;  £0  that  this  jn- 
ftinmeQit  (oDce  fo  famous)  is  ia  a  Manner  totally  re- 
je^  -by  the  Ingenious.  But  the  Method  here  to  be 
adFaof  ed  is  fucbj  that  by  a  Plain  Table  only  of  very 
fimple  add  ordipgry  Conftru^tion,  aAual  Surveys  may 
be  made  .wich  that  Accui:acy^  ConeBtatfs,  and  Expe-. 
^  dicton,  as  with  a  Theodolite  of  the  befl  and  mod  mo- 
dern Invention. . 

S  E  C  T.    I. 

Surveying  and  pUt ting  of  Fields  by  the  Plain  TTabk. 


Prop.    L 

To  take  the  Plot  of  a  Field  A  B  C  D  E  F  from  one 

Station  therein.    Fig.  57. 
Chufe  any  Siation  from  whence  you  can  fee  every 
Comer  of  the  Field,  and  place  a  Mark  at  each,  which 
aumber  with  the  Figures  t,  2,  3^  &C    At  this  Sutioa 

3  M  2  ereft 
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ensft  yout  PJain  liable  covered  wijch  Paper;  and  iif  it 
bath  a  Box  and  Needle^  bring  -the  Scnach  Point  oF  the 
Needle  ta  the  Flower-de^lude  (or  360)  <va  cbe.Box  ; 
then  draw-  a  Grcle  ,OFQ^R  upon  the  .Paper^ 
as  large  as «  it  -  will  weH  contain,  through  whbfe 
Center  0  draw  the  Line  JV^  5  parallel  to  that  Side  of  the 
Table  which  is  parallel  tatiie  Meridian  Line  indie  Bok  ; 
this  will  be  the  Meridian  of  the  Plan.  On  the  Center 
Q  move  the  fiducial  Edge  of  the  Index  'till  70a  obferve 
through  the  Sights  the  feveral  Marks  \^y  ^f  QV&c  in 
the  Comers  of  the  iiekt^tand  the  £^  ihttttsof  vnVL 
cut  the  Circle  in  thePoihts  i^  2^  3^  Seof  ^^Fban  haviiig 
taken  ai^  likowiffc  protraAidd  tl^  ibvoral  iBeirings^  the 
Diftanotis^ve  next  to  be  meafured/ but  i'tUe  Method  of 
d(Hng  that,  as  alfo  the  Fbrm  of  the  PiekV^Book'have 
been'  foffidently  &cvrti  *iA'  tfiefol^e  .Paili^of  lth»  ^rk, 
where  the  Ufcs  of  the  Theodolite  snd^Piiini^bier  have 
been papticnlaidj d^mbnftrated.  •       ..LxlLLiix,  u 

2«  (kam.tbe  Plam    .  cnu  m  \o;  ■- 

Through  the  Center  (5  and  each  of  the  !t^arl:s  ifi,^, 
&c.  draw  the  Lines  O^,'  OB^  ©CT,  ©^,.G^,  Of, 
and  make  each  equal  to  its  refpefiive  iJiftaice  in  the 
Field ;  j^intlie  Poimp  v<,'  \5|  <?,  gic.:!  tai  the^lan  is 
finilhcd.  

;  Pub  p.   % 

•       ' ," '."  ■■    » 

To  t^ke  the  Plot  \of'a. ' Ftel4  «A  B  C  D,   ^c.  frm 

fever a\  Stations.    Fi  g  .  5  8. 

Having  chofen  the  Beceflkry  Stations  in  the  Tidd, 
and  drawn  the  Circ|^0  i?  ^4  ;(which  you  waft  ever 

""  obfcr?c 


Se&L 


ty  tkf  I^h  kiv  T A «.!-£. 


45  « 


obferve  t0i4a.in  crtry  Ca£c),  Set  tip  jaot  Inftrumaic 
at  the  ficft  Station^  and  bring  the  Ncoile  to  the  Men* 
diaa  (which  is  called  a^ufting  the  Ihftrunient) ;  move 
the  Aides  on  the  Center  Q,  and  take  an  Obferration  at 
^f  B,  C,  ^if  H,  mi  the  fiducial  Edge  thereof  will 
ioterfeft  the  Circle  in  x^  2,  3^  &e.  Then  remore  your 
Inftnutient  to  die  lecond  Station  in  the  Field,  and  ap- 
plying the  Edge  of  the  Indac-  ta  the  Center  O  ^nd  the 
Mark  ®  <in  the  Citde^  take  a  Back  Sight  to  the  firft 
Station,  aiid .  £iften  the  Table  in  this  Pofition ;  then 
more  the  Index  on  die  Center  0,  and  dired  the  Sights 
ta  theiicmaining  angular  Marks^  fo  will  the  fiducial 
£dgQ  tbertfdf  cut  the  Circte  ia  the  Pomts  4,  Sy  6,  kc 
The  fcvMaLDiftaaces.  being  aeafured  wkh  a  Cham,  the 
Work  10  i  the  fteld  k  finiihed. 

MbU!,  In  the  laft  Prop.  1  omitted  the-  Field-Book, 
referdng  iQ  Speoimens  formerly  given  ;  but  confidering 
that  a  Field-Book  is  of  the  mmofl:  AdTontage  to  Tyros, 
I  (hall  therefore,  in  order  to  exercife  the  young  Sur* 
yeyor  in  this  new,  accurate,  and  expedidous  Method  of 
Surveying,- ;nfcrt.  the  Field  Book  belongipg  to  every 
particular  purvey.  The  FkId*Books  bdonging  to 
?R0P.  I,  II,  are  as  below. 

:Sii  EI  ELD-BO  OK/ff^  ^R<rp.  L 
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t 

p  It  o  p.  in. 

Toiaketbe  Plot  of  fronal  Fields  ABCD,  BEFI, 
D  I  H  K^  and  IF  G  H,  from  Stations  cbofen  at  or 
near  tb$  Middle  of  each.    Fig.  $^. 

Adjuft  yoar  Pbia  TaUe  at  the  firfl:  Station  \xiAB 
I1D,  and  draw  the  protraAing  Circle  and  Meridian 
N  S ;  then  by  Prop.  L  project  the  Angles  or  Corners 
of  ^-ff  72),  B  £  F/,  and  alfo  the  2d  Station,  into 
the  Points  i,  2, 02,  ^,-4,  5,  6.  Again,  creft  your  In- 
finiment  at  the  ift  Station^  and  lay  the  Index  on  the 
Center  q  and  the  Mark  02^  and  direA  the  Sights  (by 
mmifig  the  Table)  to  the  2d  Station,  then  move  the  In* 
dex  till  you  obferve  the  3d  S^tion,  and  the  Edge  there- 
of will  cut  the  Circle  in  ©3.  Then  remove  the  Inftm- 
ment  to  the  3d  Station,  lay  the  Index  on  the  Center  0 
and  the  Mark  03,  anc)  take  a  Back  Obfcrvation  to  the 
firft  Station  i  after  which  by  the  laft  Prop,  find  the 
Points  7,  8,  (2)4,  9  in  the  Qrcle  OPQ^K. .  As  to  the 
meafurins:  of  Diftances  both  in  this  and  the  two  fucceed- 
ing  Prop,  that  (hall  be  pafled  over  in  Silence,  having  fuf- 
ficently  difplayed  the  fame  horei^fore ;  what  I  intend  to 
treat  of  hereafter,  .j«  the  Method  of  taking  and  protraft-, 
ing  the  Bearings  in  the  Field,  with  the  Manaer  of  de- 
ducing a  Plan  therefrom. 

•         « 

To  draw  the  Plan. 

.  *  -      , 
Chufc  any  Point  (0i)  for  your  firfl:  Station  ;  apply 

the  Edge  of  a  Parallel  Ruler  to  the  Center  0  and  the 

Pomt  I,  and  having  extended  the  other  Edge  to  0i, 

.  .     '  draw 
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draw  the  Line  1 1  =  37^,  which  will  give  the  Comer  Ul: 
In  like  M^QQcr  find  the  other  Comers  B,  I,  ID^^  together 
with  O2  ;  which  being  joined,  finifhes  the  Field  A  B 
/2>'  After  the  fame  Method  conftru£k  the  other 
Fields  BEFIy  T>IHK,  IFGH,  and  yoa  haVc 

done. 
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To  take^the  Plot  (f  a  field  A  B  C  D  E  F,  ^  gmng  round 

the  fame.   (Fio.  (>o^ 

Set  ap  your  Plain  Table  at  the  firft  Station  m  the 
Field ;  move  the  fiducial  ^dge  of  the  Index  on  the 
Center  Qf  and  take  an  Obfervation  at  the  Mark  placed 
at  the  2d  Station,  then  will  the  fame  fiducial  Edge 
cut  the- Circle  OP  ^A  in  the  Point  i.  Then  re- 
moye  your  laftrument  to  the  2d  Station,  and  plac- 
ing the  Edge  of  the  Index  on  0  and  the  Point  t, 
take  a  Back-Sigh t  to  the  ift  (of  laft)  Station ;  then 
direAing  the  bfdesi  op  the  Center  0  to  th^  3d 
(or  next  )  Station,  the  Edge  thereof  ^ill  erQ&  the 
Circle  in  the  .Poi;a$  2  :  I^  like  Manner  the  Inftni^ 
ment  being  planted  at  every!  Station,  a  Back-Sighc 
taken  to  the  lafl  prccecdhig  One,  «d  the:  Index 
direfted  forward  to  thfe  next  ^  fucceeding  3tatioi^  will* 
give  the  protraQed  Pcferits  3,41  5,*.  ^ 

^  FIELD-BOOK,  . 
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la  Ditta. 


7o  draw  the  Plan. 

Chufe  any  Poiat  ©i^  to  denote  the  firll  Statioa^ 
Lay  the  Edge  of  a  Parallel  Ruler  on  the  Center  © 
and  the  Point  .x,  and  extend  the  other  Edge  'till 
it  touch  Qi,  and  draw  by  the  Side  thereof  the  Line 
I  2=550;  then  apply  the  Ruler  to  0  and  the 
Mark  2,  and  extend  the  other  Edge  to  ©2,  and 
draw  thereby  the  Line  23=  440 ;  again,  lay  the 
Edge  of  the  Ruler  to  ©  and  the  Point  3,  and  the 
other  Edge  being  extended  to  ©3,  draw  the  Line 
3  4=465  ;  after  the  fame  Method  lay  down  the 
remaining  Stations,  and  the  Trayerfe  is  delineated. 
As  for  drawing  the  Hedges,  that  Ihall  be  left  for 
the  Learner's  Exercife. 


<.'. 


*  -  — 


Pjtor. 
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Ta  take  the  Phi  of  froeral  Fields  A,  B^  C,  D,  by 

Circulation.    Fig,  6i.  - 

From  the  prcgefting  Point  ©  (by  Prop.  IV.) 
projeft  the  Stations'  m  ^,  into  the  Points  i,  2,  3,  4 ; 
then  the  Inflrument  being  planted  at  the  2d  Station, 
from  the  fame  projefling  Point  ©  project  that  Sta- 
tion (the  2d  in  ^)  into  the  Point  2*  (2*  denot- 
ing the  Inftrume&t  being  planted  a  fecond  Time  at 
that  Station)  which  is  done  thus  :  Lay  the  Index 
to  0  and  the  Point  2^  and  take  a  Back-Sight  to 
the  firft  Station  (that  being  the  Station  immediately 
preceding  that  you  are  af  in  the  Field-Book) ;  then 
on  the  Center  ©  take  a  Forc-Obferratioa  at  the 
next  fflcceeding  Station,  and  the  Index  will  cut  the 
Circle  in  the  Point  2**  Thus'projeS  every  other 
remaining  Station. 
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The  Bearings  being  protraded  in  the  Grcle  OP 
2,-R,  the  Plan  may  readily  be  drawn  by  P&op.  XVL 
B.  VIII.  to  which  I  refer  the  Reader. 
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SECT.    IL 

Tie  Method  ef  ajcertamng  the  jufi  Meafutt  tf  any 
Angle  in  Deg/rees,  Minutes ,  StcondSf  t^t. 


P  R   <|    p.     VI. 

i 

Tp  find  the  iMS  Mtqfun  pf  any  Angle  B  A  Q  that 
i$iio  afartain  the  jufi  Quantity  thereof  t0  a  A£mite, 
Second f  &£.    Fig.  62.  . 

Mr  Martin,  in   his  New  Art  of  Surreyiog   by 
the  Goniometer;  has  girea  the  ASethod  of  jneafur- 

ing 


^6o        J'be  New  Art  ^Si/rveyIng 

ing  an  Angle  to  great  Exa£bie&  by  an  Inftrumeat 
called  A  Goniometer,  which  is  performed  by  mea- 
ftrring  the  Angle  many  Times  over,  and  afterwards 
caking  a  Mean  of  the  Whole ;  which  Mean  is  the 
juft  Meafurement  of  the  Angle.  But  this  is  much  more 
conveniently  performed  by  a  Theodolite,  when  aa 
Inftfument  of  that  Kind  is  ready  at  Hand ;  but  as 
thefe  are  Inftruments  of  great  Value,  and  confequently 
rarely  met  with,  I  (hall  by  Means  of  a  Plain*Tablc 
only  and  a  Sheet ;  of  Paper  placed  thereon,  perform 
the  Work  of  meafuring  an  Angle  with  as  great 
Correftncfs  (and  Double  the  Expedition)  as  by  an 
Inftrument  of  fupcrior  Value.  However  I  ihall  in 
the  firft  H^cc  fhew  the  Performance  hereof  by  the 
Theodolite,  apd   then    proceed   to    the  Ufc  of  the 

Plain-Table. 

I.  By  the  Theddolift. 

.  Fix  jour  Theodolite,  at  ^,  fcf  the  Index  to  ^60 
on  the  Limb,  dircft  the  Telefcope  to  J?,  and  faften 
the  Liinb ;  then  difcharging  the  Index,  direft  the 
Telefcope  to  C,  and  fallen  ilie  Index,  fo  is  the  Arch 
c  i=the  Angle  once  meafured.  Then  turn  back  the 
TTclefcope  to  the  Mark  B^  aftd,  failenmg  the  Limb,- 
direA  .tbc!  Telefcope  to  C,  and  t|ie  Angle  i«  twice 
meafured,  as  denoted  by  the  Archies  r  r,  i  2  ;  for 
ci  +  1. 2=  the  Anjgle  twice  meafured:  Again,  the 
Index  being  fixed  to  the  Ximb,  bring  back  the  Te- 
lefcope to  B,  dnd  fatten  th^  Inilrument;  then  dtk'ed 
the  Tdefcope  to  C,.and  the  Artglc  is 'fbnec'^mea- 
furcd,  asis  reprefented  by  the  Arches  r -i,  12,  a'gj 
tberefore  ri  +  i  2+23=  the  Angle  thrice  meafured ; 
for  the  Arches  c  i,\  i  2,  2  j  $rc  jrtcbsrtljp.  Meafure 

cf 


Scft.  II.  *;  /Zr^  P  L  A  I  N   T  A  B  L  E-"  ^6v 

of  the  Angle  B  ^  C,  zni  equal  to*  one  anotlier. 
Fig*  62,  ^63,  64,  ^5,  66,  67. 

In  like  Manner  proceed  to  quadruple  it,  quintuple' 
It,  and  laftly  fextople  it.  Now  it  is  evident,  that 
the  Index  in  all  this  Time  has  pafled  oyer  this  Cir- 
cumference of  a  Circle  and  the  overplus  Arch  <:  6  =r 
14*  I5^  which  added  to  3^0%  the  Sum  374*  15' 
is  fix  Times  the  true'  Quantity  of  the  Angle.  - 

The   overplus    Arch  c  6  being  Ictiown,  the  true 

Mcafure  of  the  Angle  B^C  is  ==-1^2l±4llj£'  = 

6 

62*    2  2.^   30^  ==  the  Mean  of  fix  Obfcrvations. 

Note^  You  may  meafure  the  Angk  as  many  Times 
over  as  you  pleafe^^  only  obferve  to  divide  the  whple 
Sum  or  Total  of  the  Qcgrees,  &c.  by  a  Number 
equal  to  the  Times  the  Angle  hath  been  m^afured, 
and  the  Quote  will  be  the  Mean  of  them  all.  This 
Method  of  mcafuring  an  Angle  is  undoubtedly  the 
moft  accurate,  and  much  more  fp  than  Occafion  re- 
quires in  Praftical  Surveying,  except  in  fome  parti- 
cular Cafes,  and  therefore  may  be  praftifed  more 
for  Curiofity  than  real  Service.  . 

.     IL  By  the  Plam-Tabte.  (Fig.  68.) 

The  Plain-Table  being  covered  with  J^aper,  draw 

thereon  with  a  Chord  of  60  •   the  Circle   O  P  Q^R, 

and  draw  the  Radius  J^  2).  Plant  the  Table  at  ^, 

lay  the  Indepc  on  ^^2),  and  move  the  Table   'till 

you  obferve  the  Mark  B;  faften  the  Table  in  this 

Dircftioa,  and  bring  the  Index  (^the  fame  moving  on 

the    Center.  ^J  to  the    Mark    C,    and    the    Edge 

thereof  will  cur  the  Circle  in   i,  fo  is  the  Arch  2>, 

icthe  Aiwgle  once  meafured,     Uafcrcw  the  Table, 

and 


and  holdiog  the  Indeic  Itt  the  fiune  P6fici(»i,'iiiote 
the  fame  'till  you  obferre  the  Mark  By  aod  faftea 
the  Inftmment ;  then  more  the  Index  forward  to  Cf 
aod  the  Edge  thereof  will  cut  the  Circle  in  the 
Point  2  J  zvA  the  Angle  is  twice  meafiired,  for  the 
Arch  ©  I  is  =  the  Arch  i  2,  and  therefore  ©  i 
+  I  2=  i)  2  =  the  Angle  twice  tneafured ;  after  the 
fame  Method  triple  tt^  quadruple  it^  qtuntuple  \lf 
and  fextuple  k,  for  the  Arches  2>  i,  1  2,  23^ 
ZAf  4  5'  5  ^  P^^  together  are  equal  to  the  Angle 
fix  Times  raeafured. 

It  is  evident  from  the  Fignrc,  that  the  Index 
has  paflcd  over  the  Circumference  of  the  Circle  and 
the  overplus  Arch  2>  6  (as  before  with  the  Theo- 
dolite), and  therefore  2>  6  meafured  and  added  to 
560',  and  that  Sum  divided  by  6,  will  give  the 
true  Quantity  of  the  Angle  J5^C=62*  22'  30^, 
the  fame  as  before. 

But  the  bcft  and  moft  expeditious  Method  of  meafur- 
ing  the  Angle  is  thus :  Plant  the  Inftrument  at  ^, 
(F 1 6.  (^.)  lay  the  Index  on  the  Radius  ^  D^  and  mea- 
fure  the  -sii  jB  ./^  C  once  over,  whofc  Quantity  is  = 
the  Arch  2>  i.  Take  Z>  i  in  your  Compofles^  and 
lay  it  on  the  Circumference  of  the  Circle  fix  Times 
(the  Angle  being  required  to  be  meafured  fix  Thaea 
over)  from  ©  to  i,  from  i  to  2,  from  2  to  3^ 
from  3  to  4,  from  4  to  5,  and  from  5  to  6,  whidx 
gives  the  overplus  Arch  !D  6  as  before ;  which  be» 
ing  meafured  and  added  to  360*,  gives  the  true 
Meafure  of  the  Angle  B  .A  C^6%^  22^  30',  the 
fame  as  before  by  the  other  Methods. 
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4527 
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6324 
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1362 
2814 

326.5 

37^7 
4167 


4617 
5067 
5516 

5965 
6413 


2407 
2859 


Qi^S  0251 

p'-'39 

^592 

2045 


0640 

J«93 

^547 

2000 


9^66  {94^2^ 


^9&2' 


9*67* 


3452 
2904 
33^6 


349-7 


3,762(3807 

4C3I2 


6861 

7309 


4662 
5112 
5561 
6010 
6458 


6906 

7353 


7756J7800 
8202*8247 
1864818693 


4^7 


4302 


4707 

5157 
5606 
6055 
6503 


6951 

7398 

7^45 
8291 

8737 
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[2949*  ^99-5'  ?«*^ 
340J  344<>'  349^ 
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l«4'57 
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4752. 
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565T 
6)00 

6548 


' 


6996 

■7443 
7890 

8336 

87B2 


475>7 

5^247 
569<) 
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7040 
7488 

7934 

8381 

8826 


4^42 
5^92 

574« 
6189 

6637 

7085 
7532 

7979 
842.5 


»633 
5085 
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9047 
.950351 


I 


^! 


04*3 

0&67 

»»3 

I 


26981' 
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4687 

5337 

6234 

^H2 


71^© 

7577 
S024 
8470 

887118916 


4M« 

53*^ 
583^1 

6279 
^7^7 


7>7f 
7623^ 
806&: 

8960: 
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976 

977 
978 

979 

9S0 

981 
98a 

983 
9B4 

985 

986 
987 
988 

989 

990 
991 
991 

993 
994 


995 
996 

997 
998 

?99 


989005' 
9450 
989s 

990339 
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^ 


9049 

949+ 
9939 
03B3 
0837 
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9539 

9984 

0418 
0871 


1226 
1669 

2II3 

a554'a598 

2995.3«>39 
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3456 '3480 

3877,3921 
4317  4361 
4757:4801 
5196  5240 


1315 

1758 
2200 

2642 

3083 


9138 

9583 
0028 

0472 


9183 
9628 

0072 


9227 
9672 
0117 


09 16 '0960 


051610561 


6074 
6512 

6949 
7386 


7825 
8259 

8695 

9»5» 
9f^^ 
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6118 

6555 
69^3 

74JO 
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3965 

4405 

4845 
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9174 
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3172 
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0006 
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3^1^ 
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3348 


0738 
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878218826 
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965219696 
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6293 

6731 

7168 
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5898 
6337 


3745 
4185 

4625 
5065 

5504 


5942 
6380 
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7212J7255 
7648  7692 


3789 
4229 
4669 
5109 

5547 
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2067 
2509 
2951 
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7998  8041  8085  8129 

8434  8477  8521 '8565 
8869  8913  8956  9000 

9305193489392:9435 
9826)9870 


9739 
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5986 
6424 
6862 
7299 

7736 
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3833 
4273 
4713 
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r  \ 

1 ; 


2 

3 

4 


II 

12 

16 

18 
19 

20 
21 

r22 

?4 

25 
26 

27 
28 

29 


6^7447  j6 

7*©4j786 


7'  142696 

7*«4t877 
7-3^^124 

7"3668i6 

7-417968 


TangcBts 


«*«ka 


»ooooonn(63726 
9.999999  4.764756 
9*999999  6*940848 
9-999999: 7-065786 


^63726 
7-542907 

7-577668 
7*609853 


9.999999 

iy99«W9 

|y999lP9 

9.999999 

9*999999 
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1^99998 
9.999997 

9*999997 
9.999994 


7-639816 
V667845 
f-654179 
7-71899/ 
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9.999995 
9.999995 
^^.9999^4 
9.999993 


7'7^47J4 
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7-806146 
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7-861662 
7-878695 
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7^940842 
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9-999993 

9-999992 
9.999991 

9.995990 
9.999989 

9.999989 

9.999988 
9-9999d> 
9-999986 
9-999985 
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8-355784 
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8-289856 
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8*302634 


8-308884 
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11*672886 
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8*408304 

8*413213 
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11*606766 
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11^596662 
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35 
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30 

3« 
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33 

34 

35 
36 

38 
39 

40 
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4* 
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44 

Sines 

Co-fines 

Tangents 
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8-417919 

9*999851 

8^418068 

ii"58i932 

30 

8*4237 17 

7462 
8:433156 

6800 

648 

845 
841 

838 

8-422869 
7618 

8-43^315 
,6962 

ir577i3i 
2382 

11-567685 
3038 

29 
28 
27 
26 

25 

24. 

23 
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21 

20 

'9 
18 
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16 

15 

'4 
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12 

11 

10 
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8 
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6 

.5 
4 

3 

t 
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0 

8-44»394 
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8.-45044d 
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834 

827 
S34 
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8-441560 
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5070 

94«l 

11-558440 
3890 

i.i-5493»7 
4930 
0519 

8'44j665 

798J 
8-472363 

6498 
8*480693 

816 

809 

So; 
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8-463849 

8173 

8-47^54 
6693 

8:480892 

£1-536151 
1828 

ij'527546 

3307 
11-5I9108 

J2 

49 
jo 

5» 
J2 
?3 
14 

i 

55 

J7 

J8 
59 

1 
'1 

4848 

«9«3 
N9JO40 

8r$QioSo 

797 
794 
790 
786 
78s 

5051 

9170 

8-493*50 

8-501998 

4950 

4)836 
« 1-506750 

2707 
11*498702 

5045 

«     ^974 
p-512867 

d7i^ 
p-53jo5yx 

778 

774 
770 

76J 
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^9«oo 
8^^3098 

^961 
8-520790 

4733 
0800 

11*486902 

3039 
ir*479«ro 

4343 
•  -  8rc2 

8-f3i»a8 

5533 
9196 

8?|428i9 

757 
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748 

744 
74« 
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4;d6 
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11*456916 
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CoHatig. 
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9995 
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■ 
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8-590721 
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12 
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14 
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16 

17 

18 

1$ 


20 


25 
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59 
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7152 
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5489 

©623 
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c89r 
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